Date Prepared:  November 18, 2015
Prepared By: K. Acree

Virginia Depariment of Conseration & Recreation

DESIGN REPORT FOR THE CONSTRUCTION OR ALTERATION OF VIRGINIA REGULATED
IMPOUNDING STRUCTURES

Note: Any executed Design Report for construction of an impounding structure must be mailed to the appropriate Regional
Engineer. In addition, a completed Certificate and Permit Application Fee Form (DCR199-192) and the required fee must be
mailed under separate cover to: Virginia Department of Conservation and Recreation, Division of Finance, Accounts Payzable,
600 E. Main St., 24th Floor, Richmond, Virginia 23219,
Reference: Impounding Structures Regulations, 4VAC 50-20-10 et seq., including 4VAC 50-20-240, Virginia Soil and Water
Conservation Board

1. Project Information:
a. Proposed Construction:

Proposed Alteration: _CCR in surface impoundment will be removed and dam will be decommissioned

b. Name of Impounding Structure:  Possum Poind Power Station Ash Pond ABC Dam
¢. Inventory Number:  (GO788 (Leave blank if new Construction}
d. Name of Reservoir: Possum Point Power Station Ash Pond ABC

e. Purpose of Reservoir:  CUR Storage

2. Impounding Structure Hazard Classification:
a. Mazard Potentjal Classification Table I lmpounding Structure Regulations:

(Check one) D High Significant I:' Low

3. Location of Impounding Structure:

a, City or County:  Prince William County

b. Located 700 @miles upsi‘reanﬂ_f{@g};}gg@ef Highway Number SR 633 Possum Point Road
¢. Name of river or siream:  Quantico Creek

d. Latitude: 38.544062°N Lengitude: STT 2RSSR

4. Ownership:
a. Owner’s Name:  Dominion Generation

If a corporation, name of representative:  Michael Winters, P.E.

b. Mailing Address: 5000 Dominion Boulevard, Glen. Allen, VA 23060

c. Telephone: (Residential)  804-347-9451 (Business)  804-273-2376, ccll: 804-347-945]

d. Other means of communication: Michaelj winters@@dom.com

5. Design Engineer:
a. Design Engincer and Design Firm: John Kiamut P, GAI Consultants Inc.

b. Design Enginecr Virginia License Number: (48859

c. Mailing Address: 4200 Triangle Lane, Export PA 13632

d. Telephone: (Business)  724-387-2170

6. Impounding Structure Data:
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722



a. Type of material; carth X
Other:

concrete

masonry

Note: ldentify datum used for elevations.

For new construction, complete the design configuration column.

For alteration, complete both the existing and design configuration columns.

Existing Design Configuration
Configuration
b. Top of Dam Elevation 23.0 N/A Feet
c¢. Streambed Elevation at Toe (Lowesl) 1.5 MAA Feet
d. Height of Impounding Structure 22.5 N/A Feet
e. Crest Length (Exclusive of Spillway) 1,200 N/A Feet
f. Crest Width 10 N/A Feet
g. Upstream Slope (Horizontal to Vertical) 2 H: | A N/A H: N/IA OV
h. Downstream Slope (Horizontal to Vertical) 2 H: | v NIA H: NA VYV
7. Reservoir Data Existing Configuration Design Configuration
a. Maximum Capacity LG N/A Acre-feet
b. Maximum Pool Elevation 223 N/A Feet
¢. Maximum Pool Surface Area 12 N/A Acres
d. Normal Capacity Unknown NAA Acre-feet
e. Normal Pool Elevation 20 NIA Feet
f. Normal Pool Surface Area LUnknown N/A Acres
g. Freeboard (to lowest crest clevation) 0.0 N/A Feet
8. Spillway Data Type Construction Design Iavert

Material Configuration Elevation
a. Low Level Drain Un-grated Concrete 30-inch diameter O Fect
b. Principal Spillway Riser with sioplogs Conerete A1t wide 2231085 Feet
¢. Emergency Spillway None Feet

9. Watershed Data:
a. Drainage Area: {057
b. Type and Extent of Watershed Development:

sgnare nles

N/A, Facility Will Be Closed

¢. Time of Concentration: (hours)
d. Routing Procedure: Routing Model used:
e. Spillway Design Flood used (check and state source):
PMF, source
Y2 PMF, source
100 Year, source
Other, source
{. Design inflow hydrograph: Volume: acre-feet
Peak inflow: cfs
Rainfall duration of design inflow hydrograph: hours
g. Freeboard during passage of spiltway design flood: fect
h. Provide printouts for 6, 12, and 24 hour models
(DCR199-101) (10/08) Page 2 of 4
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10. Additional Information:
Provide as atlachments to the Design Report the following information. Note: For alteration permits the details of this
information is to be in accordance with the scope of the proposed alteration:

a.

m.

A description of properties located in the dam break inundation zone downstream from the site of the proposed/existing
impounding structure, including the location and number of siructures, buildings, roads, utitities and other property that
would be endangered should the impounding structure fail. N/A, Facility will be closed

Evidence that the local government or governments have been notified of the proposal by the owner to build or alter an
impounding structure. Notification te the Prince Witliam Couniy Board of Supervisors will be submitied concurrently
with this application.

Maps showing the location of the impounding structure that include the county or city in which the proposed/existing
impounding structure is located, the location of roads and access ta the site, and the outline of the impoundment.
Existing aerial photographs or existing topographic maps may be used for this purpose. Sce Drawing in Appendix A of
altached Closure Plan

A report of the geotechnical investigations(s) of the foundation soils, bedrock, or both and of the materials to be used to
construct or alter the impounding structure. N/A, Facility witl be closed

Design assumptions and analyses sufficient to indicate that the impounding structure witl be stable during construction
or alteration and during the life of the impounding structure under all conditions of impoundment operations, including
rapid filling, flood surcharge, seismic loadings, and rapid drawdown of the impoundment. N/A, Faetlity will be closed
Evaluation of the stability of the impoundment rim area to safeguard against impoundment rim slides of such magnitude
as to creatc waves capable of overtopping the impounding structure and evaluation of rim stability during seismic
activity. N/A, Facility will be closed

Design assumptions and analyses sufficient to indicate the seepagc in, around, through, or under the impounding
structure, foundation, and abutments will be reasonably and practically controlled so that internal or external forces or
results thercof will not endanger the stability and integrity of the impounding structure. The design report shall also
include information on graded filter design. N/A, Facility will be closed

Calculations and assumptions relative to hydraulic and structural design of the spillway or spillways and energy
dissipater or dissipaters. Spiltway capacity shall conform to the criteria of Table | and 4VACS50-20-52. N/A
Provisions 1o ensure that the impounding structare and appurtenances will be protected against unacceptable
deterioration or erosion due 1o [reezing and thawing, wind, wave action, and rain, or any combination thercof, N/A
Other pertinent design data, assumptions, and analyses commensurate with the nature of the particular impounding
structure and specific site conditions, including when required, a plan and water surlace profile of the dam break
inundation zone. N/A, Facility wil! be closed

A description of the techniques to be used to divert stream flow during construction so as to prevent hazard to life,
health and property, including a detailed plan and procedures to maintain a stable impounding structure during storm
events, a drawing showing temporary diversion devices, and a description of the potential impoundment during
construction. N/A, Facility will be closed

A plan for project construction monitoring and quality control testing to confirm that construction materials and
performance standards meet the design requirements. See Appendix C of the attached Closure Plan

Plans and specifications as required by 4VAC50-20-310 signed and sealed by the engineer. See Appendix A & D of the
attached Closure Plan

List of attached drawings and specifications:
Closure Plan Report

(DCR199-101) (10/08) Page 3 of 4
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CERTIFICATION BY OWNER’S ENGINEER

Y hereby certify that the information provided in this Design Report has been examined by me and found in my professional

judgment to be yueyand correct
/Z%/ ﬂn ﬁ ﬂgﬁﬂ;?/—d Virginia Number: 04 8839

Professional Engincer’s Signature Print Name

' L
This / 37 i day of /{/oyph épp , 20 / S

Engineer’s Virginia Seal: -

JOHN R XLAMUT
Lic, No. 048859

', N
Y N AR X
0, STONAL FE
i gea et
CERTIFICATION BY OWNER
I hereby cffy'@ﬁthat ﬂ éé}ived his Diesign Report. 7 : ,
Signed: ‘{i/f? Lo e Ll i ﬁ ;/f('i /éé'{’t” / [JV( ers 1k
/ //  Owner’s Signature 4 Print Name 7
i / ,
s J97 Dayof Al/¢ e Z;e 20 iy
Mail the executed form to the appropriate
Department of Conservation and Recreation
Division of Dam Safety and Floodplain Management
Regional Engineer
(DCR199-101) (10/08) Page 4 of 4
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Impounding Structure Closure Plan

Dominion Generation
Possum Point Power Station Ash Pond ABC Dam

(Inventory No. 00788)
Possum Point Power Station
Coal Combustion Residual Surface Impoundment Closures Project

Prince William County, Virginia

GAI Project Number: C150132.00

November 2015

Prepared by: GAI Consultants, Inc. Prepared for: Dominicn Generation
Richmond Office 5000 Dominion Boulevard
4198 Cox Road, Suite 114 Glen Alten, Virginia 23060-3308

Glen Allen, Virginia 23060-3328
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Impounding Structure Closure Plan

Dominion Generation
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Possum Point Power Station
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Dominion Generation
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Impounding Structure Closure Plan, Dominion Generation
Possum Point Power Station Ash Pond ABC Dam (Inventory No. 00788), Possum Point Power Station Paga i
Coal Combustion Residual Surface Impoundment Closures Project, Prince William County, Virginia
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Impounding Structure Ciosure Plan, Bominion Generation
Possum Paint Power Station Ash Pond ABC Dam {Inventory No. 00788), Possum Point Power Station

Page ii
Coal Combustion Residual Surface Impoundment Closures Project, Prince Wiliam County, Virginia

IMPOUNDING STRUCTURE
CLOSURE PLAN

for

Possum Point Power Station Ash
Pond ABC Dam

(Inventory No. 00788)
POSSUM POINT POWER STATION

Dominion Generation
Prince William County, Virginia
November 2015

Owner’s Engineer:

I hereby certify that the documents contained herein are accurate to the best of my knowledge and
belief,

¢ALTH

R, Klamut, PE, CFM Date
JOHN R. KLAMUT GAI Consuitants, Inc
Lie. No, 048859

Al

gaiconsuttants
Caatafnarag e s mlin szhiy
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Impounding Structure Closure Plan, Dominion Generation
Possum Point Power Station Ash Pond ABC Dam (Inventory No. 00788}, Possum Point Power Station
Coal Combustion Residual Surface Impoundment Closures Project, Prince William County, Virginia

Page 1

1.0 Introduction

This plan was prepared on behalf of Dominion Generation {Dominion) by GAI Consultants, Inc. This
report supports the Possum Point Generating Station (Station) Coal Combustion Residual (CCR) Surface
Impoundment Closures Project {Project). The purpose of this report is to provide a Closure Plan for
decommisstoning the impounding structure that forms Ash Pond ABC (herein referred to as CCR
Surface Impoundments A, B, and C) (Inventory No. 00788) located at the Station.

Dominion is also proposing to close/modify Surface Impoundments D and E as part of the overall
Project. Surface Impoundments A, B, €, D, and E are dams that are regulated by the Virginia
Department of Conservation and Recreation (DCR). The Closure Plan Drawings for Surface
Impoundments D and £ are included in Appendix A, Separate Closure Reports have been prepared
for the modification/closure of the Surface Impoundment D and E dam structures. Please refer to these
reports for mare information on the moedification of these structures.

1.1 Regulatory Background

CCR Surface Impoundments A, B, C, D, and E are being closed as inactive CCR surface impoundments
under the new Environmental Protection Agency (EPA) CCR regulations provided in 40 Code of Federal
Regulations (CFR}, Part 257.100, Subpart D, dated April 17, 2015 (CCR Rule). Dominion plans to close
the impoundments prior to April 17, 2018.

The impoundments are currently regulated by the Virginia {VA) Department of Conservation and
Recreation {DCR) Dam Safety Program and by the VA Department of Environmental Quality (VDEQ)
under VA Poliutant Discharge Elimination System (VPDES) Permit No. VA0002071. Dominion is in the
process of requesting a Solid Waste Permit from the VDEQ for closure activities asscciated with the
CCR surface impoundments at the Station. Dominion is also in the process of obtaining a site plan for
the Project from Prince William County (PWC), for permitting the stormwater, and erosion and
sediment (E&S) control requirements for the Project.

1.2 Site Description

The Station is located near Dumfries in Prince William County, VA. The Station is accessed by Possum
Point Road (Route 633) and is adjacent to the Potomac River and Quantico Creek. The CCR surface
impoundments at the station were used as a component of the wastewater treatment system for the
Station until 2003, when the Station stopped using coal as a fuel. There are currently five inactive CCR
impoundments located at the Station: Surface Impoundments A, B, C, D, and E. The CCR
impoundments cover a total area of approximately 120 acres as shown on the design plans in
Appendix A. The CCR surface impoundment areas are described below.

# Syurface Impoundments A, B, and C cover a total area of approximately 18 acres. They
were constructed in 1955 and utilized until the 1960s. The dam that forms Surface
Impoundments A, B, and C is considered a single structure for DCR dam permitting
purposes. However, there are three distinct areas behind the dam that are referred to as
Surface Impoundment A, Surface Impoundment B and Surface Impoundment C,

a  Syrface Impoundment D covers an area of approximately 64 acres. I was constructed in
1988 to replace a pre-existing impoundment in the same location. Surface Impoundment D
was in use until 2003.

n  Syrface Impoundment E covers an area of approximately 38 acres, Surface
Impoundment E was constructed in 1967 and was in use until 2003.

C150132.00/ November 2015
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Impounding Structure Closure Plan, Dominion Generation
Possum Point Power Station Ash Pond ABC Dam {Inventory No. GG788), Possum Point Power Station Page 2
Coal Combustion Residual Surface Impoundment Closures Project, Prince William County, Virginia

1.3 Overall Project Closure Description

Surface Impoundments A, B, C, and E will be closed through the removal of CCR in the impoundments.
To accomplish this, CCR will be mechanically dredged from Surface Impoundment A, B, C, and E, and
placed in Surface Impoundment D with consent of VADEQ and per the requirements of VPDES Permit
No. VAQO02071. Dredging of Surface Impoundment £ to Surface Impoundment D began in June 2015.
Dredging from Surface Impoundments A, B, and C to Surface Impoundment D began in August 2015.

Surface Impoundment D stopped receiving CCR before October 19, 2015. Surface Impoundment D will
be closed in place, with a cover system over the CCR surface constructed in accordance with 40 CFR
§257.100.b.1. The cover system will consist of both geosynthetic and soil layers that will be placed
over the CCR surface to limit infiltration of water into the CCR.

2.0 Surface Impoundments A, B, and C Closure Plan

Surface Impoundments A, B, and C will be closed through the removal of the CCRs in the surface
impoundments. To accomplish this activity, the CCRs will be excavated from Surface Impoundments A,
B, and C and placed in Surface Impoundment D. Dredging in Surface Impoundments A, B, and C to
impoundment D was stopped before October 19, 2015, Remaining CCR material in these surface
impoundments will be removed and disposed offsite at an authorized disposal facility permitted to
receive the material.

Closure activities will consist of dewatering the CCRs sufficiently to allow them to be excavated and
placed in Surface Impoundment D, mechanically dredging the CCRs from Surface Impoundments A, B,
and C, constructing temporary sediment basins, regrading the excavated impoundment area to drain,
and establishing vegetation in the graded areas. The post closure surface will have drainage and E&S
features instalied to capture and control surface run-off when vegetation is being established.
Following closure and finai stabilization, surface water from the impoundment areas will discharge
through drainage channeis to Quantico Creek. These drainage channels are designed to convey

the 25-year storm event.

This closure will include modifications to the existing embankment structure. Upon completion of
closure activities and establishment of successful vegetation, a portion of the embankment will be
removed to allow surface run-off to exit Surface Impoundments A, B, and C areas without attenuation.
The dam for the Surface Impoundments A, B, and C will be decommissioned by partial removal of the
embankment.

2.1 Closure Activities
2,1.1 Closure Plan Time-Frames
Closure is scheduied to be completed prior to April 17, 2018.
2.1.2 Closure Performance Standard

The CCR removal will be completed in accordance with the relevant provisions of the CCR Rule
for closure of inactive impoundments (40 CFR §257.100.b.1.) and VDEQ closure requirements.
Construction will be in accordance with the Construction Quality Control Plan and Surface
Impoundment Closure Specifications located in Appendices C and D, respectively.

Stormwater Quality, Quantity and E&S control design is in accordance with Prince William
County Design and Construction Standards Manual and utilizes E&S control measures provided
in the Virginia Erosion and Sediment Control Handbook.

gai consultants
C150132.00/ November 2015 B
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Impounding Structure Closure Pian, Dominion Generation
Possum Point Power Station Ash Pond ABC Bam {Inventory No. 00788), Possum Point Power Station
Coal Combustion Residual Surface Impoundment Closures Project, Prince William County, Virginia

Page 3

2.1.3 CCR Removal and Disposal

CCR, which were historically placed at Surface Impoundments A, B, and C, will be removed as
part of the closure activities. These residuals will be transported to Surface Impoundment D

and deposited there,

2.1.4 Closure Sequence

The general process for decommissioning the dam is explained below and is shown on the
Surface Impoundment Closure Drawings in Appendix A. Phasing Drawings are provided in
Appendix A for each closure phase and described below.

»  Phase 1 - Excavation of CCRs. The CCR Removal Process consists of:

Bewater Surface Impoundments A, B, and C:
a. removal of free water; and
b. dewatering the CCRs.

CCRs wilf be mechanically dredged from Surface Impoundments A, B, and
C, and will be hauled and placed within the limits of Surface
Impoundment D.

Grade the area within Surface Impoundments A, B, and C to allow positive
drainage.

»  Phase 2 - Install E&S Controls and convert the dam embankment to temporary
sediment ponds.

Import soil as needed from an on-site borrow source to provide a
vegetative cover,

Install surface drainage controls.

Complete grading to establish a temporary sediment basin and install
temporary outlet structures.

Permanent seed and mulch the disturbed area.

Dam Removal Description. The decommissioning process will occur during
Phase 2 and consists of removing a portion of the embankment. The top
of the embankment will be lowered to an elevation of 19 feet resulting in
an impoundment capacity of approximately 43.5 acre-feet. At this
elevation and storage, the height of the embankment will be below 25
feet, and the impoundment capacity will be below 50 acre-feet. As such,
the embankment will no longer be classified as a reguiatory dam under
DCR regulations (4VAC50-20-30).

» Phase 3 - Temporary Sediment Basin Removal Description:

C150132.00/ November 2015

Once adequate vegetation is established within the fimits of the closure
area, water will be pumped from the temporary E&S control basin.

The portion of the embankment which forms the temporary sediment
basin will be removed, fill will be added within the limits of the removed
temporary E&S control basin, and the area will be graded to drain.

e gaiconsultants
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Impounding Structure Closure Plan, Dominion Generation
Possum Point Power Station Ash Pond ABC Dam {(Inventory No. 00788), Possum Point Power Station
Coal Combustion Residual Surface Impoundment Closures Project, Prince William County, Virginia

Page 4

= Drainage channels B-1, B-2, B-3, C-1, and C-2 will be extended.
*=  The disturbed area will be seeded and muiched.

2.1.5 Maintenance Needs

The cover system is designed to function effectively with minimum maintenance needs. The
top surface will be graded to provide positive drainage and to prevent ponding. The vegetative
cover specified will be monitored closely, particularly in the establishment year and will be
reseeded and mulched as necessary. After vegetation is established and the temporary
sediment basin is removed, the Surface Impoundments A, B, and C overland areas will be
allowed to turn to a naturai state and will not require maintenance. Dominion will perform
maintenance on drainage channels and culverts in the Surface Impoundments A, B, and C
areas as necessary to prevent major erosion.

2.1.6 Schedule for Closure
This application anticipates closure wili be completed prior to April 17, 2018.
2.1.7 Posting

Signs will be posted at the locking gates of the facility’s access points. These signs will indicate
that the site is closed and unauthorized entrance is prohibited.

2.1.8 Notification

The Project will comply with the Site Plan requirements of Prince William County, VA.
Notification to the Prince William County Board of Supervisors will be made with the alteration
permit application submittal, after review by DCR.

2.1.9 Certification

The required certification by a registered professional engineer will be provided at the
appropriate time following completion of closure activities. A record report will be provided to
the DCR to document the completion of the construction activities and decommissioning of the
dam structure.

2.2 Closure Calculations

Appendix B contains calculations for peak storm run-off and volumes, and surface water
management facilities {drainage chanrels, etc.). The calculations demonstrate the design of the
proposed breach will pass the anticipated drainage flows and the dam embankment will no longer
impound water or be a jurisdictionatl structure.

2.3 Surface Impoundment Closure Specifications and Construction
Quality Control Plan

Construction of the proposed plan will be completed in general accordance with the Construction
Specifications and Construction Quality Control Plan. The Construction Quality Control Plan and
Specifications are inciuded in Appendices C and D, respectively.

2.4 Post-Closure Activities

There are no post closure care requirements following the dam decommissioning. The stormwater and
E&S monitoring will be completed in accordance with Prince William County land disturbance
requirements, The following post-clasure information is provided for additional information.

C150132.00/ Novamber 2015
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Impounding Structure Closure Plan, Dominion Generation
Possum Point Power Station Ash Pond ABC Dam {Inventory No. 00788), Possum Point Power Station Page 5
Coal Combustion Residual Surface Impoundment Closures Project, Prince William County, Virginia

2.4.1 Post-Closure Contact

Dominion Generation

5000 Dominion Boulevard

Glen Allen, Virginia 23060-3308
Contact Name; Michael Winters, P.E.
Telephone: 804-273-2376

2.4.2 Security

Access to the closed facility will be controlled by gates secured with fock and key. Vehicle
access adjacent to the gates will be denied by physical barriers (natural tree line, surface water
channels/streams, or post barricades).

2.4.3 Post-Closure Uses

There are no current plans to develop the site, which will remain closed to the general public.
The site will be vegetated to create an herbaceous habitat.

gaiconsultants
(150132.00/ November 2015 S

734



Impounding Structure Closure Plan, Dominion Generation
Surface Impoundments A, B, and C {Inventory No. 00788), Possum Point Power Station
Coal Combustion Residual Surface Impoundment Closures Project, Prince William County, Virginia

APPENDIX A
Closure Drawings

icans,‘thqlta:nts
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Impounding Structure Clesure Plan, Dominion Generation
Surface Impoundments A, B, and C (Inventory No. 00788), Possum Point Power Station
Coal Combustion Residuat Surface Impoundment Closures Project, Prince William County, Virginia

APPENDIX B

Drainage and Erosion and
Sediment Control Calculations

@ gai consultants

C150132.08/ November 2015

801



neulfanis.oom |

gai

Hydrologic and Hydraulic Calculation Booklet

Virginia Electric and Power Company

Possum Point Power Station

Coal Combustion Residual Surface Impoundment Closures
Dumfries, Virginia

GAI Project Nurnber: C150132.00
October 2015

Prepared hy: GAI Consultants, Inc. Prepared for: Virginia Electric and Power Company
Richmond Office 5006 Dominion Boulevard
4198 Cox Road, Suite 114 Glen Alien, Virginia 23060-3308

Glen Allen, Virginia 23060-3328

802



Hydrologic and Hydraulic Calculation Booklet
Virginia Electric and Power Company, Possum Paint Power Station
Coal Combustion Residual Surface Impoundment Closures, Dumfries, Virginia

Page i

Table of Contents

1.0

2.0

3.0

4.0

5.0

(g1 ot [0 [x[o ] IO PP
Facility Background and Existing Condltions ..........cccocoeevvciiiiinnn,
2.1 Ponds D and E...ocovvveriiiiiirisien i
2.2 Pond A, B, and C ...ceiiriricrni s
Design Criteria and Methodology v,
3.1 Erosion and Sediment Control......ccoooicciinnine,
3.2  Stormwater Quantity Management............ceeiiiiinnn,
3.3  Stormwater Quality Management..........ccccmmmicciiniininn,
3.4  Floodplain Management ..o
3.5 Dam Permit ReguirementS. o acrmnni e
3.6 Possum Point Road Culvert Requirements........oooooiiii,
Run-On and Runoff Control Systems.......oooioiiinnnnees
4.1 Ponds D and E..cocevvimenrceiniiic
4.2 Pond A, B, and C...ccevvveeveeiererrnenees e
0= ][ = o = U PPION

Appendix A Site Hydrologic Calculations
Appendix B Channel Design Calculations
Appendix C  Sedimentation Basin Design
Appendix D Culvert Design

Appendix E VDOT Culvert Evaluation
Appendix F Water Quality Calculations

@© 2015 GAI Consultants, Inc.

C150132.00 / October 2415

& gai consultants

803



Hydrologic and Hydraulic Calculation Booklet
Virginia Electric and Power Company, Possum Point Power Station
Coal Combustion Residual Surface Impoundment Closures, Dumfries, Virginia

Page 1

1.0 Introduction

This Hydrelogic and Hydraulic (H&H) Calculation Booklet was prepared on behalf of Virginia Electric
and Power Company d/bfa Dominion Virginia Power (Dominion) by GAI Censultants, Inc. (GAI) in
support of the Prince William County (PWC) Site Plan for the closure of three inactive Coal Combustion
Residual (CCR) Surface Impoundments, located at Dominion’s Possumn Point Power Station in Dumfries,
Virginia (VA). This document and the calculations provided in the appendices are also intended to
support a Closure Plan, submitted to the VA Department of Environmental Quality Solid Waste
Management Group, as well as Dam Permit Modification Plans, submitted to the VA Department of
Conservation and Recreation (VDCR) for each of the existing regulated impoundments proposed to be
closed. Additionally, the VA Department of Transportation (VDOT) will be provided with a copy of the
PWC Site Plan for review due to the projects proximity and potential impacts to Possum Point Road.
This calculation book may be updated as needed to address the specific submittal requirements of
each agency.

The calculations presented herein were prepared in accordance with the PWC Design and Construction
Standards Manual, VA Solid Waste Management Regulations (VSWMR), and VDCR requirements.

2.0 Facility Background and Existing Conditions

Dominion currently maintains three inactive CCR Surface Impoundments (Ponds), located at the
Possum Point Power Station in PWC, VA. The two northern-most ponds (D and E) are hydraulically
connected and are analyzed as a single system (Pond D-E). The southern ponds (A, B, and C) operate
independently of Pond D-E and the analysis is included as such.

2.1 PondsDandE
Ponds D and E are both permitted impounding structures {dams), regulated by the VDCR.

Pond D, which is located upslope from Pond E and is designed to discharge into Pond E, has a
contributory drainage area of approximately 115 acres. Historic operation of Pond D has resulted in a
pool elevation which is significantly betow the elevation of the principal spillway. As such, existing
discharge from Pond D into Pond E, even during design storm events, is 0 cubic feet per second (cfs).

Pond E is designed to receive inflow from Pond D, from its own contributory drainage area of
approximately 104 acres, and from the purnped discharge of multiple power station operations. The
contributions of the pumped discharges are small in comparison to stormwater flows and the Station
has the ability to stop the discharges as necessary, such as during significant rainfall events. As such,
these flows are not included in the H&H design presented in these calculations.

The permitted discharge from the Pond D-E system is Outfall 005, located in the northwestern corner
of Pond E. This outfall discharges into a tributary of Quantico Creek. The Pond E water surface
elevation has been typically maintained at the crest of the principal spillway, such that all flow entering
the pond would be discharged.

2.2 PondA, B, andC

Pond A, B, and C is a permitted impounding structure (dam), regulated by the VDCR. The dam that
forms Pond A, B, and C is considered a single structure for VDCR dam permitting purposes. However,
there are three distinct areas behind the dam that are referred to as Pond A, Pond B, and Pond C.

Although its embankment is still in place, Pond A, B, and C essentially have no storage capacity
available, as CCR material, soil, and vegetation has filled in the ponds near to their crest. An outfall
structure exists in the northwestern corner of Pond C which discharges through a riser to Outfall S104
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and directly into Quantico Creek. Ponds A and B drain to the Pond C outfall structure in the existing
condition.

3.0 Design Criteria and Methodology

Developing a closure plan for the ash ponds required adoption of multiple design criteria from
regulating agencies. This section summarizes the design criteria selected for specific facets of the
closure design.

3.1 Erosion and Sediment Control

Erosion and sediment control (E&SC) Best Management Practices have been selected and designed per
the requirements of the VA E&SC Handbook. Additionally, to meet the requirements of the VSWMR, all
conveyances have been designed to convey the 25-year, 24-hour storm.

= Al site conveyance channels are designed for capacity and stability, considering the
25-year, 24-hour storm event for both un-vegetated (temporary) and vegetated
{permanent) conditions.

= Temporary Sedimentation Basins are designed to provide 134 cubic yards of storage
per acre of contributory drainage area and spillways have been provided to convey the
25-year, 24-hour storm event. Temporary Sedimentation Basins will remain in service until
vegetation has been established throughout the site.

= All new on-site culverts are designed to convey the 25-year, 24-hour storm event without
overtopping of the travel way.

= All outlet protection and energy dissipation structures are designed to provide a stable
outlet for the 25-year, 24-hour storm event.

3.2 Stormwater Quantity Management

‘The Pond D-E system, as well as Pond A, B, and C, each discharge into tidal floodplains, within which
water levels are governed by backwater from the Potomac River. Due to this discharge condition, and
per discussion with PWC representatives, stormwater quantity control measures (i.e. stormwater
basins) are not required to reduce the peak rate of flow or runoff volume in the final closure condition.

All channels which convey stormwater from within the closure sites and into the tidal floodplains are
vegetated with a maximum slope of one percent, and include rock check dams to reduce erosion
potential for the 25-year, 24-hour storm event.

3.3 Stormwater Quality Management

Each of the closure sites will be fully revegetated with a turf grass that will be maintained in the post
closure condition. As such, the site will be in compliance with the PWC water quality criteria,
considering the VA Runoff Reduction Method,

3.4 Floodplain Management

As previously stated, the closed ponds are proposed to discharge into tidal floodplains, Pond A, B,

and C discharge directly into Quantico Creek, and as such, will have no impact on the Federal
Emergency Management Agency (FEMA) regulated 100-year water surface elevation. The Pond D-E
system discharges into a tributary of Quantico Creek just upstream of two culverts under Possum Point
Road. Although the floodplain at this [ocation is also governed by backwater from the Potomac River,
the potential impact of the increased runoff rates and volumes associated with the site development on
the hydraulic performance of the culverts are evaluated for consistency with FEMA floodplain
regulations. Because the Pond D-E system discharges into a detailed FEMA study area, no increase in
the 100-year water surface elevation is permitted.

(150132.00 / October 2015
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3.5 Dam Permit Requirements

The only pond that will remain classified as a dam under VDCR regulation in the post closure condition
will be Pond D. Through correspondence with the VDCR, the adopted design criteria for the facility is
that hydraulic structures which would impact the integrity of the dam embankment must be designed
to convey the Probable Maximum Flood (PMF).

The only hydraulic structure that is anticipated to impact the integrity of the embankment is the open
channel that conveys storm water from Pond D (closed condition) into Pond E (closed condition). This
channel is designed for capacity and stability considering the PMF event. The channel conveys the PMF
flow beyond the limit of fill for the Pond D embankment. Downstream of this point, channels, culverts,
and other structures are designed for the 25-year event.

During the closure of Pond D, the dam embankment crest will be lowered from elevation 150 feet to
elevation 119 feet. This reduction in embankment height will occur prior to construction of the open
channel to convey flow to Pond E, and as such, Pond D will not have a spillway. The attached
calculations show that the storage volume provided in Pond D, below elevation 119 feet, is sufficient to
completely store runoff volume generated from the PMF, maintaining the stability of the dam
embankment during the construction phase.

3.6 Possum Point Road Culvert Requirements

As described under the Floodplain Management criteria section, the Pond D-E system discharges just
upstream of two culverts under Possum Point Road. These culverts are operated and maintained by
VDOT, and as such, the culvert’s performance in the post development condition was evaluated. The
adopted design criterion, per the VDOT Drainage Manual is that:

= The culverts must maintain the ability to pass the 10-year, 24-hour storm event without
inundating the travel way.

This criterion is In addition to evaluation of the 100-year event, as described previously and also as
required by VDOT.

4.0 Run-On and Runoff Control Systems

The run-on and runoff contrels shown on the plans were designed considering the “during
construction” phase as well as the post construction condition. Construction phasing plays a significant
role in the site development and design of the runoff controls. Annotated versions of the construction
sequence of each pond, as it relates to the H&H design, are included in the following sections.

4.1 PondsDandE

The Pond D-E system closures are integrated, and the H&H analyses are dependent on the phasing of
the closure. All CCR material is to be removed from Pond E and placed in Pond D where the material
will be lined and capped. The following general construction sequence has been assumed for the H&H
analyses:

1. Pond E will be decanted through its existing permitted outlet. Water unable to be decanted
through the outlet structure is pumped into Pond D. Pumping operations will be the
responsibility of the contractor. H&H features are not required for this phase.

2. Runoff and water pumped into Pond D will be stored behind the existing Pond D embankment.
The stored water wilt be treated and pumped to an outfall permitted by the Station's
VA Pollutant Discharge Elimination System (VPDES) Permit. Pumping operations will be the
responsibility of the contractor. H&H features are not required for this phase.

C150132.00 / October 2015
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3. CCR material from dewatered Pond E will be mechanically removed from Pond E and
transported to Pond D. Pond E direct runoff will be stored behind the existing Pond E
embankment. The stored water will be treated and pumped to an outfall permitted by the
Station’s VPDES Permit. Pumping operations will be the responsibility of the contractor. H&H
features are not required for this phase.

4. Once all CCR material has been removed from Pond E, the collected runoff water will be
permitted to discharge into the tributary of Quantico Creek, provided that properly designed
E&SCs are provided. H&H features include stormwater conveyance channels, a sedimentation
basin within the existing Pond E footprint, and associated erosion protection measures.

5. Grading of Pond E will continue and the runoff will be controlled by the designed measures
prior to discharge into the tributary of Quantico Creek. Grading within Pond D will also
continue (including reduction in the height of the embankment), however water will not be
permitted to discharge into the tributary until all CCR material has been capped. H&H features
include stormwater conveyance channels within Pond D. The channels will be constructed as
closing and capping of the CCR material progresses, but the channels will not be permitted to
discharge beyond the limits of the Pond D embankment. The water may be pumped to an
outfall permitted by the Station’s VPDES Permit.

6. After vegetation has become established within Pond E and the CCR material in Pond D has
been capped, the embankment between Pond D and Pond E will be breached and the runoff
will be permitted to discharge into the tributary of Quantico Creek, provided that properly
designed E&SCs are present. H&H features include a temporary sediment basin, stormwater
conveyance channels from Pond D into Pond E and culverts to convey this discharge beneath
an existing access road.

7. Once both ponds are fully vegetated, the temporary sediment basin may be removed and the
conveyance channels will be extended to discharge directly into the tributary of Quantico
Creek.

4.2 PondA, B, and C

All CCR material will be removed from Pond A, B, and C during closure and trucked to an offsite
disposal facility or to Pond D where the material will be lined and capped. The following general
construction sequence has been assumed for the H&H analyses:

1. Removal of the CCR material will be performed such that runoff during construction will be
stored behind the existing embankment. The stored water will be pumped to an outfall
permitted by the Station’s VPDES Permit. Pumping operations will be the respansibility of the
contractor, H&H features are not required for this phase.

2. Once all CCR material has been removed from the pond, the runoff water will be permitted to
discharge into Quantico Creek, provided that properly design ERSCs are present. It is proposed
that two sedimentation basins will be used to treat the water prior to discharge.

3. Once vegetation has been established within the closure site, the temporary sedimentation
basins will be removed and the stormwater conveyance channels will be designed to discharge
directly into Quantico Creek.

5.0 Calculations

Suppotting calculations for the controls shown on the plans and described above are included as
Appendices A through E.

(@ gaiconsultants
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SUBJECT _POSSUM PCINT CCR POND CLOSURES

SITE HYDROLOGIC ANALYSES

BY SCHELAB DATE_06/28/2015  PROJ. NO.C150132.00 _
CHKD. BY BERKEME DATE_07/9/2015 gai consultants
INTRODUCTION:

In order to design stormwater conveyance and storage features that will be used
throughout the closure of the three CCR ponds at the Possum Point Power
Station, hydrologic analyses were performed to develop peak runoff rates and
volumes for various phases of construction. This calculation summarizes the
methods used to develop the design values.

METHODOLOGY:

Drainage areas to the site features requiring design and evaluation were
delineated using project mapping. The Natural Resources Conservation Service
{(NRCS) TR-55 method was utilized to estimate peak rate of runoff and
associated runoff volume. For overall site modeling, the TR-55 method was
executed through the U.S. Army Corps of Engineers Program HEC-HMS,
Version 4.0. For the design of some individual hydraulic features, Hydraflow
Hydrographs, Version 10 was utilized. These calculations are included in the
calculation Appendix within which they are applied. United States Geological
Survey (USGS) mapping was used to quantify existing land use, and soil
information was obtained through the U.S. Department of Agriculture’s (USDA)
online web soil survey. Rainfall data was obtained through the National Oceanic
and Atmospheric Association’s (NOAA) Atlas 14, for coordinates near the Project
Site.

Ponds D and E are modeled within a single HEC-HMS basin and operate as a
connected hydraulic system. Pond ABC operates independently of the others,
and thus is modeled under a separate basin. Both basin models are presented in
this caiculation set.

REFERENCES

1. TR-55, Urban Hydrology For Smail Watersheds, Natural Resources
Conservation Services, June 1986.

2. NOAA Atlas 14, Volume 2, Version 3, Point Precipitation Frequency
Estimates for Coordinates Near Dumfries, Virginia, March, 2015.

3. Possum Point Power Station Ash Pond D Final Design Report Submitted
to State, October 1986.

4. Dam Breach Analysis and Emergency Preparedness Plan Supporting
Documentation, Possum Point Power Station Ash Pond E, April 2011.

ATTACHMENTS:

Drainage Area Maps

Soil Data

Curve Number and TOC Calculations
NOAA Rainfall Data

PMP Evaluation

AW

ZA\Energy\2015\C15G132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Site Hydrology
Calcations\Site Hydrology.docx
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SITE HYDROLOGIC ANALYSES
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ATTACHMENTS CONT.

6. HEC-HMS Input
7. HEC-HMS Output

Draiange Areas:

Refer to Attachment 1 for existing and proposed drainage from each of the pond
closure sites.

Curve Numbers:
Curve numbers were selected using engineering judgement based on guidance
provided in Reference 1. Refer fo Attachment 2 for soil data and Attachment 3 for

compaosite curve number calculations.

The following curve numbers were used to represent the site conditions currently
present or anticipated to occur during closure or post closure:

Existing Conditions:

Water = 98
Gravel Roads = 89
Paved Road = 91
Woods (A type Soil) = 36
Woods (B type Soil) = 60
Woods (C type Soil) = 70
Wocds (D type Soil} = 79
Meadow (A type Soil) = 30
Meadow (B type Soil) = 58
Meadow {C type Soil) = 71
Meadow (D type Soil) = 78

During Construction Condition (Disturbed) Conditions:

Bare Soil (B type Soil) = 82
Bare Soil (C type Soil) = 87
Bare Soil (D type Soil) = 89

Note that the soil type used in the analysis depended on the soil type of the
borrow area that is intended to be used to close each pond.

Post Construction (Final) Conditions:

Re-vegetated (B type Soil) = 58
Re-vegetated (C type Soil) = 71
Re-vegetated (D type Soil) = 78

Z\Energy\2015\C750132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Site Hydrology
Calcations\Site Hydrology.docx
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Note that the soil type used in the analysis depended on the soil type of the
borrow area that is intended to be used to close each pond.

Time of Concentration:

Time of concentration {TOC) flow paths were estimated using the methods
provided in TR-55, incorporating sheet flow, shallow concentrated flow, and
channel flow segments. Slopes and channel dimensions were estimated from the
project mapping which was developed from survey information. Refer to
Attachment 3 for Time of Concentration calculations. A minimum TOC of 6
minutes was used.

The HEC-HMS program requires lag time to be input, which was calculated as
60% of the calculated time of concentration.

Rainfall Data:

Refer to Attachment 4 for NOAA precipitation estimates for the site. These values
are summarized below:

2-year, 24-hour event = 3.12in
10-year, 24-hour event = 4.84 in
25-year, 24-hour event = 6.06 in
100-year, 24-hour event = 8.35in

Note that the probable maximum precipitation (PMP) is computed in a separate
calculation set, included as Attachment 5

HEC-HMS Modeling

The drainage area, runoff curve number, and lag time for each contributing
watershed were input into the HEC-HMS program for each of the design
conditions. Refer to Attachment 6 for schematics of each site condition that was
modeled. Below are brief descriptions of each. Detailed design of conveyance
channels, culverts, and sediment basins, along with specific HMS modeling for
these features are included in separate calculation sets.

Existing Condilions:

For Ponds D and E, the existing conditions HEC-HMS model incorporated the
hydraulic performance of the ponds. This included developing stage-storage
curves for the ponds as well as stage-discharge curves for the pond outlet
structures. The stage-storage curves were developed from the bathymetric
survey data collected for the project and are included in Attachment 6. Stage-

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Site Hydrology
Calcations\Site Hydrology.docx
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discharge curves for the outlet structures were taken from previous calculations
developed for each of the ponds (References 3 and 4) and are also included in

Attachment 6. Initial water surface elevations for each of the ponds were based

on survey data taken at the start of the Project and on historical operation of the
facilities.

102.5 feet
38.3 feet

Pond D Starting Water Surface Elevation
Pond E Starting Water Surface Elevation

All existing flow through Ponds D and E occurs through the Pond E riser to
Outfall 005.

Pond ABC is nearly filled completely with CCB material, soil, and vegetation and
as such, routing through its outlet structure has not been performed.

During Construction Conditions

Two separate conditions are considered for Ponds D and E during construction.
The first condition is for when Pond E is fully disturbed and Pond D is still being
pumped and treated prior to discharge. This condition, identified in the model as
“Pond E E&S”, is used to estimate flows to the Pond E conveyance channels
prior to the establishment of vegetation. The second condition, identified in the
model as “Pond DE E&S”, is for after vegetation has become established in Pond
E and the Pond D embankment is breached, allowing the full runoff from
disturbed portions of the Pond D drainage area to enter the Pond E channels and
Sediment basin.

During construction of Pond ABC, 3 drainage areas are modeled which drain
directly to 2 sediment basins.

Post Construction Conditions

The Pond D-E system will discharge at a single location near the outlet of the
temporary sediment basin. This model is the same as was developed for the
“During Construction” models, except that the temporary sediment basin has
been removed and the curve numbers represent that of vegetation for both
ponds.

Pond ABC will have two separate discharges near the locations of the outlets of
the temporary sediment basins. This model is the same as was developed for the
“During Construction” model, except that the temporary sediment basins have
been removed and the curve numbers represent that of vegetation.

Summary Output from the HEC-HMS Modeling is included as Attachment 7.

Z\Energ\2015\C150132.00 - DOM - Possum Point PS CCBWorking Docs\ENGINEERING\H & H\Site Hydrology
Calcations\Site Hydrology.doox
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CHKD. BY BERKEME DATE 07/9/2015 gai consultants

ATTACHMENT 1

DRAINAGE AREA MAPS

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Site Hydrology
Calcations\Site Hydrology.docx
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CHKD. BY BERKEME DATE_07/9/2015 gail consultants

ATTACHMENT 2

SOIL DATA
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Hydrologic Sail Group—Prince William County, Virginia
(Possum Point Pond D and E)

MAP LEGEND MAP INFORMATION
Area of Interest (AOE) c The soil surveys that comprise your AOl were mapped at 1:15,800.
Arez of Interest {AQI) i [
- cie | Warning: Soil Map may not be valid at this scale.
Soils o i

Seil Rating Polygons

Entargement of maps beyond the scale of mapping can cause

A [ Not rated er not available misunderstanding of the detail of mapping and accuracy of seil line
— w F placement. The maps do not show the smali areas of contrasting
AD ater Features i soils that could have been shown at a more detailed scaie.
Streams and Canals ‘
B
Transportation Please rely on the bar scale on each map sheet for map
B/D . measurements.
Far Ratls
c A Source of Map:  Natural Resources Conservation Service
Wt Interstate Highways - ;
om gnway Web Soil Survey URL:  http:/Awebsoilsurvey.nrcs.usda.gov
US Routes Coordinate System:  Web Mercator (EPSG:3857)
L Major Roads Maps from the Web Soil Survey are based on the Web Mercator
] Notrated or not available L projection, which preserves direction and shape but distorts
ocal Roads . -
j . i distance and area. A projection that preserves area, such as the
Soil Rating Lines Background Albers equal-area conic projection, shoutd be used if more accurate
Ak A Aerial Photography calculations of distance or area are required.
watt AD This product is generated from the USDA-NRGS certified data as of
o B the version date(s) listed below.
o BID Soil Survey Area:  Prince William County, Virginia
Survey Area Data:  Version 12, Dec 13, 2013
g c
Soil map units are labeled (as space aliows) for map scales 1:50,000
o GID or larger.
o D

LRy Ngt rated or not available

Soil Rating Points

Date(s) aeral images were photographed:  Apr 14, 2011--Nov 7,
201

The orthophoto or other base map on which the soit lines were
compiled and digitized probably differs from the background

ol ie gl

) A
imagery displayed on these maps. As a result, some minor shifting
AD of map unit boundaries may be evident.
B
B B0

(0]

N

-_—

UspA  Natural Resources Web Soil Survey 4/2/2015

&  Conservation Service National Cooperative Soil Survey Page 2 of 4




13 of 140
Hydrologic Soil Group—Prince William County, Virginia Passum Poini Pond Dand E

Hydrologic Soil Group

= _Hydrologlc Sml Group-u- Summary by Map U

Map: umt symbo[ Map unit name L : Ratlng

16A | Delanco fine sandy leam, C/D

: G to 4 percent siopes

i18C | Dumfries sandy loam, 7 A 0.6 01%:

: to 15 percent slopes i

18D % Dumfrles sandy loam, 15 A ; 57 1.2%

: to 25 percem slopes :

18E Dumfries sandy loam, 25 A 1323 28.6%

to 50 percent slopes

224 Featherstone mucky silt :B/O 1.8 0.4%

: loam, 0 to 1 percent | ;
slopes :

27A Hatboro-Codorus 'B/D 4.7 1.0% :

complex, 0 to 2
: percent slopes :
134C Lunt loam, 7 1o 15 ‘B ' 7.1 1.5%
‘ percem slopes :

£34D Lunt loam, 15 to 25 B 6.1 1.3%:
: percent slopes : :
‘38D “Marr very fine sandy B 424 9.1%:
: loam, 7 to 25 percent
_ fopes
{3BE " Marrt very fine sandy B 66.0 14.3%
: - loam, 25 to 50 pergent : :
slopes : ‘
(37TA Marumsco loam, Oto 4 C/D : 237 5.1%
percent siopes : :
41C -Neabsco loam, 7to 15 | D : 2.3 0.5%
. percent siopes :
428 Neabsco-Quantico D 234 5.1%

complex, 207
percent siopes

478 Quantico sandy lcam, 2 B 20.9 4.5%
¢ 1o 7 percent siopes
47C ' Quantico sandy loam, 7 B 19.7 4.3%
- 1o 15 percent siopes
47D - Quantico sandy loam, 15 B 3.7 0.8%
to 25 percent slopes {
1648 Urban land-Udorthents 42 0.9%

complex, 0107
;Jercem slopes

w Water 95.8 20.7%

i Totals for Area of Interest 462.6 100.0% :
uspa  Natural Resources Web Soil Survey 412{2015
sl  Conservation Service National Cooperative Soil Survey Page 3 of 4
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Hydralogic Seil Group—Prince William County, Virginia Possum Point Pond D and &

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of seils having a {ayer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential} when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These sails have a very slow rate of water transmission.

If a soil is assigned to a dual hydrelogic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

Rating Options
Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Uspa  Natural Resources Web Soil Survey 4272015
=S Conservation Service National Cooperative Soit Survey Page 4 of 4
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Hydrologic Scil Group—Charles County, Maryland, and Prince William County, Virginia
{Possum Point Pond ABC)

4]

MAP LEGEND MAP INFORMATION
Area of Interest (ACI) C The scil surveys that comprise your AOl were mapped at scales
= Area of Interest (AQI) - CID ranging from 1:12,000 to 1:15,800.
Soils D Please rely on the bar scale on each map sheet for map

Soil Rating Polygens

] Not rated or not available

measuremants.

A Source of Map:  Natural Resources Conservation Service
AD Water Features Web Soil Survey URL:  hilp:/iwebsoilsurvey.nrcs.usda.gov
Streams and Canals Coordinate System: Web Mercator (EPSG:3857)
B Transportation Maps from the Web Soil Survey are based on the Web Mercator
B/D et Rails projection, which preserves direction and shape but distorts
o distance and area. A projection that preserves area, such as the
gt Irerstate Highways Albers equal-area conic projection, should be used if more accurate
/D » US Routes calcutations of distance or area are required.
D Mai This product is generated from the USDA-NRCS certified data as of
ajor Roads ) .
. the version date(s) listed below.
[77]  Notrated or not available Local Roads .
Soil Rating Lines Soil Survey Area: Char]gs County, Maryland
A Background Survey Area Data:  Version 8, Sep 24, 2014
ey .
Aerial Photography Soil Survey Area:  Prince William County, Virginia
s AD Survey Area Data:  Version 12, Dec 13, 2013
B Your area of interest (AQOI) includes more than one soil survey area.
s BID These survey areas may have been mapped at different scales, with
a different land use in mind, at different times, or at different levels
i C of detait. This may result in map unit symbols, soll properties, and
. CID interpretations that do not completely agree across soil survey area
boundaries.
A D
Soil map units are labeled {as space allows) for map scales 1:50,000
- Not rated or not availabie

Seil Rating Points

or larger.

Date(s) aerial images were photographed:  Apr 14, 201 1—Nov 7,

A 2011

m AD The arthopholo or other base map on which the soil ines were

B compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
B/D of map unit boundaries may be evident.

yS DA

Natural Resources

SDA
=% Conservation Service

Web Soil Survey
National Cooperative Soit Survey

Af2/2015
Page 2 of 4
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Hydrologic Sail Group—Charies County, Maryland, and Prince William County, Virginia

17 of 140
Possum Point Pond ABC

Hydrologic Soil Group

ok Hydrologic SmlGroup—summab o

Map unit symbol -

" Porcentof A .

0 Map unit nam'_e
W : Watar A 4.2%
Subtotals for Soil Survey Area 84 4.2%
" 6 100.0%

‘Totals for Area of Interest

. o . 'Hyﬂr_olbgic_ So:IGroup—SummaryhyM
" Map unit symbol:~ | Map unitname
16A Delanco fine sandy loam, : C/D
0 {o 4 percent slopes
18D ‘Dumiries sandy joam, 15 A 13.3 6.6%
to 25 percent stopes
{18E Dumfries sandy loam, 25 A 4.2 2.1%
to 50 percent slopes | :
22A Featherstone mucky silt | B/D 0.9 04%
loam, 0 1o 1 percent ;
slopes
27A Hatboro-Codorus B/ID 4.4 2.2%
complex, Oto 2 :
- percent slopes : :
36D Marr very fine sandy ‘B 34 1.7%:
loam, T o 25 parcent | :
siopes :
3BE ‘Marr very fine sandy B 10.7 5.3%
loam, 25 {o 50 percent
slopes
37A Marumsco loam, 0to 4 :C/D 8.4 4.2%
i percent siopes ! i
41B Neabsco loam, 0to7 D 24 1.2% .
: percent slopes
428 Neabsca-Quantico D 1.8 0.9%:
complex, 2tc7 :
: percent slopes :
1478 ‘Quantico sandy loam, 2 | B 26.7 13.3%
to 7 percent slopes |
470 Quantico sandy loam, 7 B 5.6 7.8%
to 15 percent slopes )
47D -Quantico sandy loam, 15 B 3.0 1.5%
. to 25 percent slopes :
54B “Urban iand-Udorthents 69.8 34.8%
complex, 0to 7 :
i percent slopes
W  Waler 24.8 | 12.4%
uspa  Natural Resources Web Soil Survey 47212015
was  Conservation Service Naticnat Ceoperative Soil Survey Page 3 of 4
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Hydrologic Soil Group—Charles County, Maryland, and Prince William County, Virginia

18 6 140

Possum Point Pong ABC

" Hydrologic Soil Group-~Summary by Map Unit — Prince Willlam Gounty, Virginia -

"7 Percent of AOI

" Map unit symbol | ~ . Map unit name
Subtotals for Soil Survey Area 95.8%
jTotals for Area of Interest 100.0% .

Description

Hydrologic soil groups are based on estimates of runcff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Sails having a high infiliration rate (low runoff potential) when thoroughly
wet, These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
hatural condition are in group D are assigned to dual classes.

Rating Options
Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified
Tie-break Rule: Higher

UshA  Natural Resources Weh Soil Survey
“a¥E Conservation Service National Cooperative Soil Survey

41212015
Page 4 of 4
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SUBJECT POSSUM POINT CCR POND CLOSURES

SITE HYDROLOGIC ANALYSES
BY SCHELAB DATE_06/28/2015 PROJ. NO.C150132.00
CHKD. BY BERKEME DATE_07/9/2015 gai conswitants

ATTACHMENT 3

CURVE NUMBER AND TOC
CALCULATIONS

ZAEnergn\2015\C1560132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Sife Hydrology
Calcations\Site Hydrology.docx
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Runoff Curve Number

Project: By: Date;
Possum Point Pond Closures - H&H Calculations SCHELAB 6/18/2015
C150132.00 Checked: Date:
Location: BERKEME 6/23/2015
Pond ABC Direct Drainage Area
|Check one; H Present O Under Development O Developed 1
CN Area
£ © < M Acres Product
Hydrologic Group Cover Description ‘:'J ?, c:, 0 miles? of
B Lg', g . CN x Area
- i i Q%
A Woods (fair) 36 6.0 217
B Woods (fair) 60 8.8 531
D Woods (fair) 79 1.3 104
D Roads (gravel) 91 1.8 164
A Meadow 30 2.3 69
B Meadow 58 12.5 726
D Meadow 78 3.7 288
TOTALS 36.5 2,099
CN (weighted) = Total Product / Total Area | CN 57

*From USDA's TR-55 "Urban Hydrolagy for Smail Watersheds”

628

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC Existing Hydrology.xlsx

Ul 08



21 of 140

Possuym Point Pond Closures By; {Date:
C150132.0C SCHELAB  6/23/2015
Location: Checked: Date:
Pond ABG, Existing Conditions BERKEME |6/23/2015
Check one; W Present O Under Deavelopment 0O Developed
Sheet Flow

Segment ID A
Surface Description. ..o Cense Grass
Manning's Roughness Coefficient, n............ 0.24 {TR-55, Table 3-1}
Flow Length, L., 100 ft
Two-year 24-hour Rainfall, P; 3.12 in
Land SIOPE, S...icovevireiieniiiee e 0.05 it

Travel Time, Ty = (Q.007* (L% 1 (P,**s%4).]  0.1670 hrs

Shallow Concentrated Flow

Segment ID B
Surface Description {Paved / Unpaved)......... Unpaved
Surface Description Coefficient, C................ 16.13
FlowbLength, Lo 213 ft
Watercourse Slope, S..ooeoienn 0.113 ft/ft
Average Velocity, V=0 ... 542 fisec
Travel Time, T, = (L} / (3600*V)....ccosiiirnrreens 0.011 hrs
Channel Flow

Segment ID C D E
Section BASE, D 0 0 2
Section Depth, d...oooooi 1 1 2
Section Side Slope, Z...coooovviiiie 2 2 2
Cross Sectional Flow Area, a = b*d + z*d’..... 2 2 12
Wetted Perimeter, p,, = b + (2 (2% + 1)*°.. | 4.47 4.47 10.94
Hydraulic Radius, r=a/ Py 0.45 0.45 1.10
CHANNE] SIOPE, S...vvvivice e e 0.102 0.011 0.070
Manning's Roughness Coefficient, n............. 0.04 0.04 0.04
Average Velocity, V = (14973 [ {n)...... 6.96 2.26 10.48 ft/sec
Flow Length, L. 1039 93 280 ft
Travel Time, T, = (L} / (3600*V)..............os 0.0415 0.0114 0.0074 hrs
Time of Concentration
Sheet FIOW Ti e ccciiiirirar e ieees e 0.1670 hrs
Shallow Concentrated Flow Ty.....oovvieneee. 0.0109 hrs
Channel Flow Tt 0.0603 hrs
Time of Concentration, Tp......oocoocnis 0.2382 hrs

14 mins

Z\Energy\2015\G150132.00 - DOM - Possum Paint PS CCBWorking Docs\ENGINEERINGH & H\Stormwater\Pond ABC\Pond ABC
Existing Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 8/23/2015
C150132.00 Checked: Date:
Location: PATTEJR 8/26/2015
Pond ABC, Channel C-2 Direct Drainage
ICheck one: O Present 0O Under Development m  Developed |
CN Area
& 2 T W Acres Product
Hydrologic Group Cover Description ‘:‘) E E 0 miles? of
e 3 2 . CN x Area
< 2 £ 0%
A Meadow 30 0.0 0
B Meadow h8 0.0 0]
A Woods (fair) 36 0.0 0
B Woods (fair) 60 0.0 0
D Gravel 91 0.0 G
B Revegetated Cover 58 4.2 244
TOTALS 4.2 244
CN (weighted) = Total Product / Total Area | CN | 58 |

“From USDA's TR-55 "Urban Hydrelogy for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC Post Construction
Hydrology.xlsx

b 2d



ces

Runoff Curve Number

CN (weighted) = Total Product / Total Area

*From USDA's TR-55 "Urban Hydrology for Small Watersheds™

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC Post Construction

Hydrology.xlsx

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 8/23/2015
C150132.00 Checked: Date:
Location: PATTEJR 8/27/2015
Pond ABC, Channel C-2 Upslope Drainage
|Check ane: QO Present O Under Development B Developed E
CN Area
& P < W Acres Product
Hydrologic Group Cover Description ~ ?, ﬁ 0 miles® of
% ‘g) g . CN x Area
& & 2 Q%
A Meadow 30 0.0 1
B Meadow 58 1.8 103
A Woods (fair) 36 0.4 14
B Woods (fair) 60 0.0 2
D Gravel 91 0.3 27
B Revegetated Cover 58 0.0 0
TOTALS 25 146

CN

58

pta

(kL 40
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 8/23/2015
C150132.00 Checked: {Date:
Location; PATTEJR 872772015
Pond ABC, Channel C-1 Direct Drainage
|Check gne: O Present Q0 Under Development ® Developed |
CN Area
g © < M Acres Product
Hydrologic Group Cover Description ‘?"') ﬁ ? O miles? of
o g, g . CN x Area
= i i d%
A Meadow 30 0.0 0]
B Meadow 58 0.0 0
A Woods (fair} 38 0.0 0
B Woods (fair) 60 0.0 0
D Gravel 91 ¢.0 0
B Revegetated Cover 58 3.0 171
TOTALS 3.0 171
CN {weighted) = Total Product / Total Area CN 58

*From USDA's TR-55 "Urban Hydrology for Small Watersheds"

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pand ABC Post Construction

Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 8/23/2015
C1503132.00 Checked: Date:
Location: PATTEJR 8/27/2015
Pond ABC, Channel C-1 Upslope Drainage
|Check ane: [ Present 0O Under Development ® Developed l
CN Area
& 2 ] M Acres Product
Hydrologic Group Cover Description C:') by S 2 miles® of
e 'g g . CN x Area
& i i U %
A Meadow 30 0.6 18
B Meadow 58 1.5 86
A Woads (fair) 36 2.1 77
B Woods (fair) 60 1.0 61
D Gravel a1 0.7 63
B Revegetated Cover 58 0.0 0
TOTALS 6.0 305
CN (weighted) = Total Product / Total Area [ CN | 51 |

*From USDA's TR-55 "Urban Hydrotogy for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC Post Construction
Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Fossum Foint Pond Closures - H&H Calculations CUMMIRM 6/26/2015
C150132.00 Checked: Date:
Location; BERKEME 6/29/2015
Pond ABC, Sediment Basin A
ICheck ane: 0O Present O Under Development B Developed 1
CN Area
&N e ¥ W Acres Product
Hydrologic Group Cover Description ?[, E E O miles? of
= S 35 CN x Area
: 2 2 Q%
C Meadow 71 0.03 2
B Woods (fair) 60 0.1 ]
C Woods {fair) 73 0.04 3
B Re-Vegetated Cap 58 2.2 126
TOTALS | 24 139
CN (weighted) = Total Product / Total Area l CN | 59 |

*From USDA's TR-55 "Urban Hydrology for Small Watersheds"

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC Past Construction
Hydrology.xisx
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Runoff Curve Number

Project; By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 712/2015
C150132.00 Checked: Date:
L.ocation: PATTEJR 8/7/2015
Pond ABC, Culvert B-1

ICheck one: 0 Present 0O Under Development B Developed !
CN Area
N © <+ W Acres Product
Hydrologic Group Caover Description f:j ﬁ ﬁ O miles® of
a g 'g) . CN x Area
i i i 0%
A Meadow 30 0.0 0
B Meadow 58 3.8 219
A Woods (fair) 36 3.0 108
B Woods (fair) 60 0.8 50
D Gravel e 0.8 75
B Re-Vegetated Cap b8 0.0 1
TOTALS 8.5 453
CN (weighted) = Total Product / Total Area | CN | 54 i

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC Post Construction
Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 71212015
C150132.00 Checked: Date;
Location; PATTEJR 8/7/2015
Pond ABC, Culvert B-2
ICheck Qne; O Present O Under Development E Developed ]
CN Area
&N o2 i W Acres Product
Hydrologic Group Cover Description C?l") E E O miles® of
et 3 3 . CN x Area
S i i g%
A Meadow 30 0.3 8
B Meadow 58 0.8 47
B Woaods (fair) 60 0.2 12
B Re-Vegetated Cap 58 0.7 43
TOTALS 2.0 110

CN (weighted) = Total Product / Total Area

*From USDA's TR-55 "Urban Hydrology for Small Watersheds"

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC Post Construction

Hydrology.xlsx

CN
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 7/2/2015
C150132.00 Checked: Date:
Location: [PATTEJR 8/712015
Fond ABC, Sediment Basin B Direct Drainage
|Check one: 0 Present O Under Development m Developed |
CN Area
£ o < M Acres Product
Hydrologic Group Cover Description ?’) ﬁ % O miles? of
2 5 = CN x Area
g e | & | ox
B Meadow 58 0.9 51
B Woods (fair) 60 0.1 5
B Re-Vegetated Cap 58 7.0 403
TOTALS 7.9 460
CN (weighted) = Total Product / Total Area | CN | 58 |

*From USDA's TR-55 "Urban Hydrology for Smali Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC Post Construction
Hydrology.xlsx

Ovijese



3G of 140

Pond ABC, Pond A Direct Drainage

Possum Peint Pond Closures By: Date;
C150132.00 BERKEME |6/26/2015
Location: Checked:; Date:

CUMMIRM  {7/1/2015

Check one; O Present 0 Under Development 8 Developed
Sheef Flow

Segment ID A
Surface Description.......o..cceviiiiicien e Grass
Manning's Roughness Coefiicient, n 0.24 {TR-B5, Table 3-1)
Flow Length, Lo..cooinvn 50 ft
Two-year 24-hour Rainfalt, P, 3.12 in
Land SIoPe, S...v.veeiviiciiiniie e 0.04 feift
Travel Time, T; = (0.007*(n*L)°‘3) [ (P53 0.1048 hrs
Shallow Concentrated Flow

Segment ID B C
Surface Description {Paved / Unpaved)................ Unpaved Unpaved
Surface Dascription Coefficient, C...................... 16.13 16.13
Flow Length, L...oooeeiien i 141 211 ft
Watercourse Slope, S..ocoovvivenvi i 0.113 0.010 ft/ft
Average Velocity, V= C*™ i 5.44 1.61 ftisec
Travel Time, Ty = {L) 7 (3600*V)..o.ooiiiivnn, 0.007 0.036 hrs
Channel Flow

Segment ID
Section Base, b.............oll
Section Depth, do...ooooonin
Section Side Slope, Z........c.oooe
Cross Sectional Flow Area, a = b*d + z°d”...
Wetted Perimeter, p,, = b + (2<d)*(z" + 1)"%.....
Hydraulic Radius, r= a/py.-.......
Channel Slope, S.....oivceeeeenns
Manning's Roughness Coefficient, n......
Average Velocity, V = {1.497%%s") / (n)...... ftisec
Flow Length, L............... f
Travel Time, T, = (I} / {3600°V).............. hrs
Time of Concentration
Sheet FIOW T e ree e 0.1048 hrs
Shallow Concentrated Flow T ..o 0.0435 hrs
Channel Flow Tt ..o, . 0.0000 hrs
‘Time of Concentration, T,; 0.1484 hrs

9 mins

ZAEnergy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERINGYH & H\Stormwater\Pond ABC\Pond ABC Post

Construction Hydrology.xlsx
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31 of 140

Possum Point Pond Closures By: {Date:
C150132.00 BERKEME {6/26/2015
Location: Checked: Date:
Pond ABC, Culveri B-1 SCHELAB  [7/2/2015
Check one: O Prgsent 0 Under Development | Developed J
Sheet Flow

Segment iD A
Surface Description. ........ooi i Grass
Manning's Roughness Coefficient, n .............. 0.24 (TR-55, Table 3-1)
Flow Length, L...ooooeir e 100 ft
Two-year 24-hour Rainfall, P, 312 in
Land SIOPE, S.eovverveinn i e 0.05 futt
Travel Time, T, = {0.007*n*L)*8) / (P>%s™).. ... 0.1670 hrs
Shallow Concentrated Flow

Segment iD B
Surface Description (Paved / Unpaved)................ Unpaved
Surface Description Coefficient, C...........c.ovooc 16.13
Flow Length, L....ccoooiiie 213 ft
Watercourse SIope, S......cccoiiiiiniriiine e 0.113 ft/ft
Average Velocity, V= C*s%%..... oo 5.42 fi/sec
Travel Time, Ty= (L) 7 {3B00*V)....coooiiin e 0.011 hrs
Channel Flow

Segment iD C D E
Section Base, b.................. 0 G 2
Section Depth, d....ooooiiniin 1 1 2
Section Side Siope, Z............coien 2 2 2
Cross Secticnal Flow Area, a = b*d + z*d”... 2 2 12
Wetted Perimeter, p,, = b + (2*d)%(z® + 1)°%..... 4.47 4.47 10.94
Hydraulic Radius, r = a ! py......... 0.45 0.45 1.10
Channel Slope, S......ooeeeveeeeenn 0.102 0.011 0.070
Manning's Roughness Coefficient, n...... 0.04 0.04 0.04
Average Velacity, V = (£.49*r%*s") 7 (n)...... £.06 2.26 10.48 ftisec
Flow Length, L.........ov.-.. 1039 93 270 ft
Travel Time, Ty = (L) / (36800*V)..eveeeeee 0.0415 0.0114 0.0072 hrs
Time of Concentration
Sheat FIOW i ssi e 0.1670 hrs
Shallow Concentrated Flow Ty.......ooonnieed 0.0109 hrs
Channel Flow Tt...........cocooinie 0.0601 hrs
Time of Concentration, T, 9.2380 hrs

14 mins

Z\Energy\2015C150132.00 - DOM - Possum Point P8 CCB\Working Doos\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC Post
Construction Hydrology.xlsx
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32 of 140

Possum Point Pond Closures By: Date:
C1506132.00 BERKEME |7/2/2015
Location: Checked: Date:
Pond ABC, Channels C-1 and C-2 SCHELAB  {7/2/2015
lCheck one: O Present O Under Development Hu Developed
Sheet Flow

Segment {D A
Surface Description......coocovo Grass
Manning's Roughness Coefficient, n ............. 0.24 (TR-55, Table 3-1)
Flow Length, Lo 52 ft
Two-year 24-hour Rainfall, Po...........coonn 3.12 in
Land SIope, See e, 0.04 ft/ft
Travel Time, T, = (0.007* (L)%} 7 P2 0.1082 hrs
Shallow Concentrated Flow

Segment 1D B C D E
Surface Description (Paved / Unpaved)................ Unpaved Unpaved Unpaved Unpaved
Surface Description Coefficient, C........................ 16.13 18.13 16.13 16.13
Flow Length, L. ..o, 90 109 498 423 fi
Watercourse SIOpe, S......cooovviiiniiic e 0.211 0.046 0.205 0.671 fiift
Average Velooity, V=C*"™ ... 7.41 3.46 7.30 4,30 fi/sec
Travel Time, Ty={L) / {(3600"V)........oooviiiiiinnnn, 0.003 0.009 0.019 0.027 hrs
Channel Flow

Segment iD
Section Base, b................l
Section Depth, d.........ooo
Section Side Slope, z.....................
Cross Sectional Flow Area, a = b*d + z*d®...
Wetled Perimeter, p, = b + (25" + 1)*°......
Hydraulic Radius, r=a/py.........
Channel Slope, s.....cc..oooo L
Manning's Roughness Coefficient, n......
Average Velocity, V = (1497} / {n)....... fi/sec
Flow Length, L............... ft
Travel Time, Ty = (L} / {3600*V)............... hrs
Time of Concentration
Sheat FIow Tio. oo v e, 0.1082 hrs
Shallow Concentrated Flow T, 0.0584 hrs
Channel Flow T....coooiiireninrnar e 0.0000 hrs
Time of Concentration, To......ooooiiiiiiniinns 0.1666 hrs

10 mins

ZAEnergy\20181C156132.00 - DOM - Possum Point PS CCB\Woarking Docs\ENGINEERINGYH & H\Stormwater\Pand ABC\Pond ABC Post

Canstruction Hydrology.xisx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 8/23/2015
C150132.00 Checked: Date:
Location: PATTEJR 8/27/2015
Pond ABC, Channel C-2 Direct Drainage
]Check one: ) Present | Under Development 0 Developed |
CN Area
& e < W Acres Product
Hydrologic Group Cover Description ﬁ E E 0 miles? of
o 2 =4 . CN x Area
2 i i L%
A Meadow 30 0.0 0
B Meadow 58 0.0 0
A Woods (fair) 36 0.0 0]
B Woads (fair) 60 0.0 0
D Gravel 91 0.0 0
B Bare Soil (dirt) 82 42 345
TOTALS 4.2 345
CN (weighted) = Total Product / Total Area CN 82

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC E&S Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Passum Point Pond Closures - H&H Calculations SCHELAB 8/23/2015
€150132.00 Checked: Date:
Location: PATTEJR 8/27/2015
Pond ABC, Channel C-2 Upslope Drainage
ICheck one: QO Present | Under Development 4 Developed l
CN Area
& o < M Acres Product
Hydrologic Group Cover Description g E E 0 miles® of
= > 3 CN x Area
K 2 2 0%
A Meadow 30 0.0 1
B Meadow 58 1.8 103
A Woods (fair} 36 0.4 14
B Woods (fair) 60 0.0 2
D Gravel 91 0.3 27
B Bare Soil (dirt) 82 0.0 0
TOTALS 2.5 146
CN (weighted) = Total Product / Total Area [ CN | 58 |

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Warking Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC E&S Hydrology.xlsx

(e R 5
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Runoff Curve Number

CN (weighted) = Total Product / Total Area

*Fram USDA's TR-55 "Urban Hydrology for Small Watersheds”

Project; By Date:
Possum Point Pond Closures - H&HM Calculations SCHELAB 8/23/2015
C150132.00 Checked: Date:
Location: PATTEJR 8/27/2015
Pond ABC, Channel C-1 Direct Drainage
[Check one: O Present m Under Developmeant {1 Developed I
CN Area
RN 2 ¥ W Acres Product
Hydroloegic Group Cover Description N ﬁ ﬁ 0 miles® of
2 5 5 CN x Area
2
o i i Q%
A Meadow 30 0.0 0
B Meadow 58 0.0 0
A Woods (fair) 36 0.0 0
B Woeds (fair) 60 0.0 0
D Gravel 91 0.0 0
B Bare Soil (dirt) 82 3.0 242
TOTALS ED 242

CN

82 |

0y 40 42

2:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC E&S5 Hydrology.xlsx



Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 812312015
C150132.00 | Checked: Date:
Location: PATTEJR 8/27/2015
Pond ABC, Channe! C-1 Upslope Drainage

|Check one: Q Present m Under Development Q Developed |
CN Area
5 @ < W Acres Product
Hydrologic Group Cover Description ~ 3 ? Q) miles? of
@ et i
e = 2 . CN x Area
c 2 2 Q%
A Meadow 30 0.6 19
B Meadow 58 1.5 86
A Woaods (fair) 36 21 77
B Woods (fair) 80 1.0 61
D Gravel 91 0.7 63
B Bare Soil (dirt) 82 0.0 0
TOTALS 6.0 305
CN (weighted)} = Total Product / Total Area | CN | 51 !

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

g8

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC E&S Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations CUMMIRM 6/26/2015
C150132.00 Checked: Date:
Location; BERKEME 6/29/2015
Pond ABC, Sediment Basin A
[Check one: O Present M Under Development 0 Developed ]
CN Area
N 0 ¥ W Acres Product
Hydrologic Group Cover Description C:'J c:, % O miles? of
5 5 3 CN x Area
S g | & | o%
C Meadow 71 0.03 2
B Woeds (fair) 60 0.1 8
Cc Woods (fair) 73 0.04 3
B Bare Sail (Dirt) 82 2.2 178
TOTALS 2.4 191
CN (weighted) = Total Product / Total Area | CN i 81 |

*From USDA's ‘TR-55 "Urban Hydrology for Small Watersheds"

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC E&S Hydrology.xisx
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Runoff Curve Number

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

LYy8

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 7/212015
C150132.00 Checked: Date:
Location: PATTEJR 8/7/2015
Pond ABC, Culvert B-1
|Check ane: {1 Present m Under Development O Developed I
CN Area
N @ < W Acres Product
Hydrologic Group Cover Description ‘:; E E Q miles® of
o 2 2 . CN x Area
& 2 £ a%
A Meadow 30 0.0 0
B Meadow b8 3.8 219
A Woods (fair) 36 3.0 108
B Woods (fair) 60 0.8 50
D Gravel 91 0.8 75
B Bare Soil (dirt) 82 0.0 1
TOTALS 8.5 453
CN (weighted) = Total Product / Total Area CN 54 |

Okt o gn

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC E&S Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 71212015
C150132.00 Checked: Date:
Location: PATTEJR 8/712015
Pond ABC, Culvert B-2
|Check one: A Present B Under Development {1 Developed |
CN Area
& o i W Acres Product
Hydrologic Group Cover Description 4 X P 0 mites? of
[13] [t =
O 3 = . CN x Area
e i i L%
A Meadow 30 0.3 8
B Meadow 58 0.8 47
B Woods (fair) 60 0.2 12
B Bare Soil (dirt) 82 0.7 61
TOTALS 2.0 128
CN (weighted) = Total Product / Total Area | CN I 63 |

*From USDA's TR-55 "Urban Hydrology for Small Watersheds™

vl 0B

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC E&S Hydrology.xlsx
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Runoff Curve Number

CN (weighted) = Total Product / Total Area

*From LISDA's TR-55 "Urban Hydrology for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond ABC\Pond ABC E&S Hydrology.x!sx

Proiect: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 71212015
C150132.00 Checked: Date:
L.ocation: PATTEJR 8/7/2015
Pond ABC, Sediment Basin B Direct Drainage
[Check one: £ Present u Under Development 4 Developed I
CN Area
& D ¥ W Acres Product
Hydrologic Group Cover Description ﬁ E E Q) miles? of
o & = . CN x Area
e in i 2%
B Meadow 58 0.9 51
B Woods (fair) 60 .1 5
B Bare Soil (dirt) 82 7.0 570
TOTALS KL 626

CN

79

Uk 30 OF



Runoff Curve Number

Proiect: By; Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 6/18/2015
C150132.00 Checked: Date:
Location: BERKEME 6/22/2015
Pond D Direct Drainage Area
[Check one: B Present U Under Development Q Developed |
CN Area
& o 5 W Acres Product
Hydrologic Group Cover Description Cé‘) ca; E 1 miles® of
B 2 2 o CN x Area
K 2 2 0%
A Meadow 30 254 762
B Meadow 58 26.9 1,558
b Meadow 78 3.7 287
A Woods (Fair) 36 3.0 109
B Woods (Fair) 60 6.6 394
] Woeds (Fair) 79 2.7 213
D Gravel 91 3.3 297
TOTALS 71.5 3,619
CN (weighted) = Total Product / Total Area | CN | 51

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

068

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond D\Pond D Existing Hydrology.xIsx
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42 pf 140

Project: By: Date:
TOC Calculations MB 6/17/2015
Possum Point Power Station CCB Pond Closure Checked: Date:
Location: SCHELAB 6/22/2015 gaiconsuitants
Pond D Existing Drainage Area
{Check one: H Present O Under Development T Developed
Sheet Flow
Segment ID A
Surface Description (Table 3-1) v Woods
Manning's Roughness Coefficient, n (table 3-1)............., 0.4
Flow Length, L. .o 81 ft
Two-year 24-hour Rainfall, Pa.....oovioini 3.12 in
Land SIope, S. .. cvvvirieieiiiiii e 0.05 ft/ft
Travei Time, T, = (0.007*(m*L)>®) / (P,2%*s™). .o 0.2123 | hrs
Shallow Concentrated Flow
Segment D B C
Surface Description {Paved / Unpaved)...............c...o.oe. Unpaved | Unpaved
Surface Description Coefficient, C.......c..ccoooiiiiiinn e 16.1345 | 16.1345
Elow Length, L. 101 282 ft
Watercourse SIope, S..veviiviri e 0.26 0.04 ft/ft
Average Velocity, V= C*s" ..o, 8.19 3.33 f/sec
Travel Time, Ty = (L) / (3600*V). oo 0.0034 0.0235 hrs
Channel Flow
Segment |D D E
Section Base, b 1 2
Saction Depth, d.....ooviv 1.5 2
Section Side Slope, Z...ovivieiiriiii 1 1
Cross Sectional Flow Area, a =b*d + z°d”.....cooeeverenne 3.75 8
Wetted Perimeter, p,, = b + (2% + 1% v 5.24 7.66
Mydraulic Radius, I = a/ Py, 0.72 1.04
Channel SIope, S...vvvvviee e 0.01 0.04
Manning's Roughness Coefficient, n..........coccccinnnn 0.035 0.035
Average Velocity, V = (1.49*r***s"y [ (n).......ccoconnn 4.07 9.04 f/sec
FlowLength, L. 978 800 ft
Travel Time, T.= (L) / {3600*V) oo 0.0667 0.0246 hrs
Time of Concentration
ShEEt FIOW Th i 0.2123 hrs
Shallow Concentrated Flow Ti.ooooviinns 0.0270 hrs
Channel FIOW Ty ooy 0.0913 hrs
“ime of Concentration, Ta...occooviii 0.3305 hr's
20 mins

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond D\Pond D Existing Hydrology xIsx
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Runoff Curve Number

CN (Weighted) = Total Product/Total Area
*From USDA's TR-55 "Urban Hydrology for Small Watersheds"

C15(132.00 BERKEME 8/3/2015
Possum Point Power Station CCB Pond Closure Checked: Date:
Location; SCHELARB 8/11/2015
Pond D, Channel D-1
Post-Development
CN
Area
Product
B Actes of
Cover Description Table 2-2* | Figure 2-3 | Figure 2-4 CN x Area
0 miles?
0%

Meadow (A) 30 6.70 201.00
Meadow (B) 58 6.18 358.38
Meadow (D) 78 .00 0.00
Woods (Fair) (A} 36 0.00 0.00
Woods (Fair) (B) 60 3.13 187.57
Woads {Fair) (D} 74 243 192.06
Revegetated Cap (B) 58 23.92 1,387.61
Impervious (D) (Gravel) 91 1.54 140.09

TOTALS 43.9 2466.71

CN (WEIGHTED) 56

gal consultants

Z:A\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERINGYH & H\StormwaterPond D\Pond D Post Construction Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
C150132.00 BERKEME 8/312015
Possum Point Power Station CCB Pond Closure Checked: Date;
Locatign: SCHELAB 8/11/2015
Pond D, Channel D-2
CN Post-Development
Area
W Acres Product
Cover Description Table 2-2* | Figure 2-3 | Figure 2-4 of
O miles® CN x Area
3%

Meadow (A) 30 0.00 0.00
Meadow (8} 58 115 66.51
Meadow (D) 78 0.00 0.00
Woods {Fair) (A) 36 0.00 0.00
Woods (Fair) (B} 60 0.00 0.00
Weods (Fair) (D) 79 0.00 0.00
Revegetated Cap (B) 58 22.35 1,296.49
Impervious (D} (Gravel) 91 0.00 0.00

TOTALS 235 1363.00

CN (WEIGHTED) 58

CN (Weighted) = Total Product/Total Area

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

gai consultants

ZA\Energy\2015\C150132.00 - DOM - Passum Point PS CCB\Working Docs\ENGINEERING\H & HiStormwater\Pond D\Pond D Post Gonstruction Hydrology xlsx
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Runoff Curve Number

Project; By: Date:
C150132.00 BERKEME 8/3/2015
Possum Point Power Station CCB Pond Closure Checked: Date:
Location: SCHELAB 8/11/2015
Pond D, Channel -3
CN Post-Development
Area
o Acres Product
Cover Descripticn Table 2-2* | Figure 2-3 | Figure 2-4 of
0 miles? CN x Area
0%

Meadow (A) 30 2.23 66.81
Meadow (B} 58 7.07 409.98
Meadow (D) 78 3.68 287.32
Woods (Fair) (A} 6 0.92 33.07
Woods (Fair) (B) 60 .00 0.00
Woods (Fair) (D} 79 0.19 14.67
Revegetated Cap (B) 58 17.09 991.03
Impervious (D) (Gravel) 91 0.53 48.21

TOTALS 31.7 1851.08

CN (WEIGHTED) 58

CN (Weighted) = Total Product/Total Area
*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

cEi consuitants

ZAEnergy'\2015YC150132.00 - DOM - Possum Point PS CCBWorking Docs\ENGINEERING\H & H\Stormwater\Pond D\Pond D Post Construction Hydrology xIsx
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Runoff Curve Number

Project:
150132.00

Possum Point Power Staton CCB Pond Closure

Location:

Pand D, Channe} D-4B

By: Date;
BERKEME 8/3/2015
Checked: Date:
SCHELAB 8/11/2015

CN Post-Development
Area
M Acres Product
Cover Description Table 2-2* | Figure 2-3 { Figure 24 of
0 miles® CN x Area
0%
Meadow (A} 30 0.00 0.00
Meadow (B) 58 0.00 0.0G¢
Meadow (D) 78 0.00 0.00
Woods (Fair) (A) 36 G.00 0.00
Woads (Fair} (B} 60 0.00 0.00
Woods (Fair) (D) 79 0.00 0.00
Revegetated Cap (B) 58 5.90 342.20
impervious (D) (Gravel) 91 0.00 0.00
TOTALS 5.9 342.20
CN {(WEIGHTED} 58

CN (Weighted} = Total Product/Total Area
*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

@t consultants

ZAEnergy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pand D\Pond D Post Construction Hydrology. xlsx
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Runoif Curve Number

Project: By: Date:
C150132.00 BERKEME 81312015
Possum Point Power Station CCB Pond Closure Checked: Date:
Location: SCHELAB 8/11/2015
Pand D, Channei D-4A
CN Post-Development
Area
M Acres Product
Cover Description Table 2-2* | Figure 2-3 | Figure 2-4 of
3 miles® CN x Area
£ %

Meadow (A) 30 0.00 0.00
Meadow (B) 58 0.12 10.99
Meadow (D) 78 G.00 0.00
Woods (Fair) (A) 36 0.00 0.00
Woods (Fair} {B) 60 0.00 0.00
Woods (Fair) (D) 79 0.00 0.00
Revegetated Cap (B) 58 17.7 1.027.18
impervious (D) {Gravel) 91 0.03 277

TOTALS 17.9 1040.95

CN (WEIGHTED) 58

CN {Weighted) = Total Product/Total Area

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

Al Consu amts

ZAEnergy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERINGYH & H\StormwateriPand D\Pond D Post Construction Hydrotogy.xlsx
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Time of Concentration 48 of 140

Project: By: Date:
TOC Calculations BERKEME B/3/2015
Passum Point Power Station CCB Pond Closure Checked: Date:
Location; SCHELAB 8/12/2015 aai consultants
Pond D, Channel D-1
{Check one: O Present | m Developed |
Sheet Flow

Segment ID A
Surface Description (Table 3-1)..............n, Woods
Manning's Roughness Coefficient, n {table 3-1)............... 0.4
Flow Length, L. 90 ft
Two-year 24-hour Rainfall, Po....oooviv 3.12 in
Land SIopE, S. v v 0.03 ft/ft
Travel Time, Ty = (0.007*(*L)*®) / (P%*s%) ... 0.2833 | hrs

Shallow Concentrated Flow

Segment D B C
Surface Description (Paved / Unpaved)...................... Unpaved | Unpaved
Surface Description Coefficient, C.................c..on 16.1345 | 16.1345
Flow Length, L. 112 494 ft
Watercourse SIope, S, 0.16 0.07 ft/ft
Average Velocity, V= C*s™ . ... B.45 4.42 ft/sec
Travel Time, T, = (L) /(3B00*V)......coooiii 0.0048 0.0311 hrs

Channel Flow

SeCHON Base, Do 10

Section Depth, d......ooovii i 1.5

Section Side Slope, Z. ..o 5

Cross Sectional Flow Area, a = b*d + z*d”.........ccovvvennn, 26.25

Wetted Perimeter, p,, = b + (2*d) 22+ 1) oo 25.30
Hydraulic Radius, r & a8/ Py 1.04

Channe! Slope, S..ivvrri e 0.02
Manning's Roughness Coefficient, n............co e 0.035
Average Velocity, V = (1.49r2s") [ (N).....ooeoiciiin 6.17 ft/sec
Flow Length, L....cooo e 2645 ft
Travel Time, T, = (L) / (3600*V). ..o 0.1191 hrs

Time of Concentration

She@t FIOW Tieeree et ee e 0.2833 hrs
Shallow Concentrated Flow Tp...ooovviiiiiie 0.0359 hrs
Channel FIOW Tr .o, 0.1191 hrs
Time of Concentration, To....ocoviviiiiiiiii, 0.4382 hr_s
26 mins

ZAEnergy\2015\C1507132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stermwaler\Pond D\Pond D Post Construction
Hydrology.xlsx
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Time of Concentration 49 of 140

Project: By: Date:
TOC Calculations BERKEME 8/3/2015
Possum Point Power Station CCB Pand Closure Checked: Date:
Location: SCHELAB 8/12/2015 ani consultants
Pond D, Channei D-2
[Check one: 0 Present | m Developed ;
Sheet Flow

Segment ID A
Surface Description (Table 3-1}...cooiiiii Woods
Manning's Roughness Coefficient, n {table 3-1)............... 0.4
Flow Length, L. 100 ft
Two-year 24-hour Rainfall, Pa.........i 3.12 in
Land SlOPE, Suuiirniiit i e 0.05 ft/ft
Travel Time, T, = (0.0075(n*L)>%) / (P2 )., 02512 | hrs

Shallow Concentrated Flow

Segment ID B

Surface Description (Paved / Unpaved)...........cc..ccennin, Unpaved

Surface Description Coefficient, C...........con 16.1345

Flow Length, L. ... 153 ft
Watercourse SIOpe, S.....ocovieriiniiniirrr 0.20 fi/ft
Average Velocity, V = G0 e 7.14 ftisec
Travel Time, T, = (L) / (3600*V) ... 6.0059 hrs

Channel Flow

Segment ID

Section Base, e 10
Section Depth, d...ooov 1.5
Section Side SIope, Z...oovrviieirii 5
Cross Sectional Flow Area, a = b*d + 2507 26.25
Wetted Perimeter, p,, = b + (2*d)*z% + 1)*° .o 25.30
Hydraulic Radius, r =8/ Pyecivviinreiec 1.04
Channel SIoPe, $...occvviiiinii e 0.02
Manning's Roughness Coefficient, n.........ccccoiininns 0.035
Average Velocity, V = (149423} / (0).vciiveice 5.34 fi/sec
Flow Length, L. e 1890 ft
Travel Time, Ty = (LY /(3600"V)....o.cooii 0.0982 hrs
Time of Concentration
SheEet FIOW Ty it 0.2512 hrs
Shailow Concentrated FIOW Tl i 0.0059 hrs
Channel FIOW Ti oo e 0.0982 hrs
Time of Concentration, Te...coovviiiiiiii e 0.3554 hr-s

21 mins

Z:\Energy\2015\G150132.00 - DCM - Possum Point P8 CCBWorking Docs\ENGINEERINGH & HiStormwater\Pond D\Pond D Post Consiruction
Hydrology.xisx
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Time of Concentration 50 of 140

Project: By: Date:
TOC Calculations BERKEME 8/3/2015
Possum Point Power Station CGB Pond Closure Checked: Date;
Location: SCHELAB 8/12/2015 qai consultants
Pond B, Channel D-3
{Check one: O Present [ m Developed |
Sheet Flow

Segment 1D A
Surface Description (Table 3-1).........ccooiin Grass
Manning's Roughness Coefficient, n (table 3-1)............... 0.24
FlowLength, L. 100 ft
Two-year 24-hour Rainfall, Po......ooooo 3.12 in
Land SlOPE, Suvveveeeereerarreiinieiratiare e n e 0.04 fi/ft
Travel Time, T, = (0.007*(n*L)*%) 1 (P%*s%).... i 0.1825 | hrs

Shallow Concentrated Flow

Segment iD B C
Surface Description (Paved / Unpaved)...........ooeis Unpaved | Unpaved
Surface Description Coefficient, C......c.oooieeiiis 16.1345 | 16.1345
Flow Length, L. 148 102 ft
Watercourse SIope, S..coceviviiniiiirce e 0.07 0.25 ft/ft
Average Velocity, V = G0 4.40 8.15 ft/sec
Travel Time, T, = (L) /{3B00*V)........ooiii 0.0093 0.0035 hrs
Channel Flow

Segment ID D
Section Base, bu..ovivvvivie e 10
Section Depth, d.......o 1.5
Section Side Slope, Z.....ooviii 5
Cross Sectional Flow Area, a = b™d + 2d”....ccooceeerennnn 26.25
Wetted Perimeter, py, = b + (25d)*(2 + 1)*° o 25.30
Hydraulic Radius, F= &/ Pyevevienininnnni, 1.04
Channel SIoPe, S..v..ocioiriiiv i 0.02
Manning's Roughness Cosfficient, n............oo 0.035
Average Velocity, V = (1 A9y f Y. 6.32 ft/sec
Flow Length, L....o..oeeriee e e 2046 ft
Travel Time, T, = (L) /(3600"V).......oocii s 0.0899 hrs
Time of Concentration
Sheet FIOW Tir e e e 0.1825 hrs
Shallow Concentrated Flow Tp......cooiviiiiiinncinn, 0.0128 hrs
Channal FIow Ti...ooii e 0.0899 hrs
Time of Concentration, Te....oooviiiniiiiin 0.2852 hr.s.

17 mins

ZAENergy\2015\C150132.00 - DOM - Pessum Point PS CCBWarking Docs\ENGINEERINGH & Hi\Stormwater\Pand D\Pand D Post Construction
Hydrology.xlsx
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Time of Concentration

51 of 140

Project; By: Date:

TOC Calculations BERKEME B/3/2015

Possum Point Power Station CCB Pond Closure Checked: Date: i consutlants
Location: SCHELAB 8/12/2015

Pond D, Channel D-4A

[Check one: Q Present | m Developed
Sheet Flow

Segment ID A
Surface Description (Table 3-1)............s Grass
Manning's Roughness Coefficient, n (table 3-1)............... 0.24
Flow Length, L., 100 ft
Two-year 24-hour Rainfall, Po..........ooooe, 3.12 in
Land Slope, S covi e 0.04 ft/ft
Travel Time, T, = (0.007*(n*L)%%) / (P2} oot 0.1825 hrs
Shallow Concentrated Flow

Segment |D B Cc D
Surface Description (Paved / Unpaved)..............c.o Unpaved | Unpaved | Unpaved
Surface Description Coefficient, C..................n, 16.1345 16.1345 | 16.1345
Flow Length, L. e 106 800 101 ft
WatercoUrse SI0PE, S..uuvivierer e e e 0.24 0.63 0.186 fu/ft
Average Velocity, V= C*s%%. ..o 7.84 2.55 6.42 ft/sec
Travel Time, T, = (L) /{3600"V).......e 0.0038 0.0871 0.0044 hrs
Channel Flow

Segment ID E
Section Base, b 25
Section Depth, Ao 4
Section Side SIope, Z....ooco v 5
Cross Sectional Flow Area, a = b*d + vt COUUUUURNUURR 180
Wetted Perimeter, p,, = b + (2*d)*@* + 1)*°. ..o 65.79
Hydraulic Radius, r = a/ Py 2,74
Channel SIoPe, S.v ovie i 0.04
Manning's Roughness Coefficient, n..........ocooi 0.035
Average Velocity, V = (1.495%3s") /(M) oo, 16.66 fiysec
Flow Length, L.....ooorie e 901 ft
Travel Time, T, = {L) / (3600"V).cooo 0.0150 hrs
Time of Concentration
Sheat FIOW Tr e 0.1825 hrs
Shallow Concentrated Flow Tyo.ooooiiin i 0.0909 hrs
Channel FIow T i 0.0150 hrs
Time of Concentration, Te...cooovini i, 0.2884 hrf’

17 mins

Z1\Energy\2015\C150132.00 - DOM - Possum Peint PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond D\Pond D Post Construction
Hydrology.xlsx
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Time of Concentration B2 of 140

Project: By: Date: ' .
TOC Calculations BERKEME 8/3/2015 §§
Possum Point Power Station CCE Pond Closure Checked: Date: T
Location: SCHELAB 8/12/2015 ]
Pond [, Channel D-4B
{Check one: Q Present | ® Developed |
Sheet Flow
Segment ID A
Surface Description (Table 3-1)........ccooiiii, Grass
Manning's Roughness Coefficient, n (table 3-1)............... 0.24
Flow Length, ... 100 ft
Two-year 24-hour Rainfall, Po....ooo 3.12 in
Land Slope, S..vviiiei i 0.05 ft/ft
Travel Time, T, = (0.007*(*L)*%) / (P2**"%) oo, 0.1670 hrs

Shallow Concentrated Flow

Segment [D B
Surface Description (Paved / Unpaved)...................is Unpaved
Surface Description Coefficient, C..............cooin 16.1345
Flow Length, L. 404 ft
WWatErGOUrSE SIOPE, Suvvirirrrriveverrrnicriin i eeiieeeen e arennnend 0.05 fu/ft
Average Velocity, V = C 80 e 3.61 ftisec
Travel Time, T,=(L)}/ (3600"V).......coooiii 0.0311 hrs
Channel Flow

Segment |D C
Section Base, Do 26
SectionDepth, d..ooooo i 4
Section Side Slope, Z.....cviii 5
Cross Sectional Flow Area, a=b*d +z*d%..................... 184
Wetted Perimeter, p,, = b + (2*d)*2% + )™ 66.79
Hydraulic Radius, 1 = 8/ Py, 275
Channel Slope, S .o 0.015
Manning's Roughness Coefficient, n......................o 0.035
Average Velocity, V = (1.49%r2®*s™y [ (n).......oooii, 10.25 ft/sec
Flow Length, L. 461 ft
Travel Time, T, = (L) /{3600™"V) .. oo 0.0125 hrs
Time of Concentration
Sheet FIoW Ti i en 0.1670 hrs
Shallow Concentrated Flow Ty, 0.0311 hrs
Channel FIow Ty ..o e 0.0125 hrs
Time of Concentration, Tq......ovovvri i 0.2106 hl:S

13 mins

ZAEnergy\2015\C150132.00 - DOM - Possum Point PS CCBWorking Docs\ENGINEERINGH & H\Stormwater\Pond D\Paond [ Post Construction
Hydrolagy.xlsx
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298

Runoff Curve Number

Project:

C150132.00

Possum Point Power Station CCB Pond Closure

Location:

Pond D, Channei D-1

By: Date:
BERKEME 8/3/2015
Checked: Date:
SCHELAB 8/11/2015

During Construction

CN
Area
Product
W Acres of
Cover Description Table 2.2* | Figure 2-3 | Figure 2-4 GN x Area
O miles®
0%
Meadow (A} 30 6.7C 201.00
Meadow (B) 58 6.18 358.38
Meadow (D} 78 0.00 0.00
Waoods (Fair) (A) 36 0.00 6.00
Woods (Fair) (B) 60 3.13 187.57
Woods {Fair} (D} 79 243 192.06
Bare Soil (B) 82 23.92 1,961.79
Impervious (D) (Gravel) 91 1.54 140.09
TOTALS 43.9 3040.89
CN (WEIGHTED) 69

CN (Weighted) = Total Product/Total Area

*From USDA's TR-55 "Urban Hydrology for Small Watersheds"

gat oonsuliants

ZAEnergy\2015\C150132.90 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond D\Pond D E&S Hydrology.xlsx
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€98

Runoff Curve Number

Project:

C150132.0G

Possum Point Power Station CCB Pond Closure

Location:

Pond D, Channel D-2

By: Date:
BERKEME B8/3/2015
Checked: Date:
SCHELAB B/11/2015

CN During Construction
Area
B Acres Product
Cover Description Table 2-2* | Figure 2-3 | Figure 2-4 of
0 miles® CN x Area
0%
Meadow (A) 30 0.00 0.00
Meadow (B} 58 1.15 66.51
Meadow (D) 78 0.00 0.00
Woods (Fair) (A) 36 0.00 0.00
Woods {Fair) (B) 60 0.00 0.00
Woods (Fair} () 79 0.00 0.00
Bare Soil (B) 82 22.35 1,832.97
Impervious (D) (Gravel) 91 0.00 0.00
TOTALS 23.5 1899.48
CN (WEIGHTED) 81

CN (Weighted) = Total Product/Total Area

*From LUSDA's TR-55 "Urban Hydrology for Small Watersheds”

gEi consutants

ZAEnergy\2015\C150132.00 - DOM - Pessum Point PS CCBWorking Docs\ENGINEERING'H & HiStormwater\Pond DAPond D E&S Hydrology xlsx
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Runoff Curve Number

Project:

©150132.00

Possum Point Power Staticn CCB Pond Closure

Logation:

Pond D, Channel D-3

By: Date:
BERKEME 832015
Checked: Date:
SCHELAB 8/M11/2015

CN During Construction
Area
W Acres Product
Cover Description Table 2-2* | Figure 2-3 | Figure 2-4 of
0 miles? CN x Area
0%
Meadow (A} 30 2.23 66.81
Meadow (B) 58 7.07 409.98
Meadow (D} 78 3.68 287.32
Woods (Fair) (A) 35 0.92 33.07
Woods (Fair) (B) 60 0.00 0.00
Woods (Fair} (D} 79 0.19 14.67
Bare Soil (B) 82 17.09 1,401.11
Impervious (D) (Gravel) 91 0.53 48.21
TOTALS 317 2261.16
CN (WEIGHTED) 71

CN (Weighted) = Total Product/Total Area

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

gat consultants

ZAEnergy\2015\G150132.00 - DOM - Passum Point PS CCBWorking Docs\ENGINEERING\H & HiStormwateriPond D\Pond D E&S Hydrology.xlsx
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Runoff Curve Number

Project:

C150132.00

Possum Point Power Station CCE Pond Closure

Location:

Pond D, Channel D-4B

By: Date:
BERKEME 81312015
Checked: Date:
SCHELAB B/11/2015

CN During Construction
Area
B Acres Product
Cover Description Table 2-2* | Figure 2-3 | Figure 2-4 of
0 mites? CN x Area
0%
Meadow (A) 30 0.00 .00
Meadow (B) 58 0.00 0.00
Meadow (D)} 73 0.00 0.00
Woods (Fair) {A) 36 0.00 0.0
Woods (Fair) (B) 60 0.00 0.00
Woods {Fair) (D) 79 0.00 0.00
Bare Sail (B) 82 5.90 483.80
impervious (D) (Gravel) 91 0.00 0.00
TOTALS 59 483.80
CN (WEIGHTED) 82

CN {Weighted} = Total Product/Total Area

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

gal consultants

ZAEnergy\2015\C150132.00 - DOM - Passum Point PS CCB\Working Docs\ENGINEERING\H & HiStormwater\Pond D\Pond D E&S  Hydrology.xlsx
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908

Runoff Curve Number

Project; By: Date:
C150132.00 BERKEME 8/3/2015
Possum Point Power Station CCB Pond Closure Checked: Date;
Location: SCHELAB 8/41/2015
Pond D, Channel D-4A
CN During Construction
Area
M Acres Product
Cover Description Table 2-2* | Figure 2-3 | Figure 2-4 of
0 miles® CN x Area
Q%

Meadow (A} 30 0.00 0.00
Meadow (B) 58 0.19 10.99
Meadow (D) 78 0.00 0.00
Woods (Fair) (A} 36 0.00 0.00
Woods (Fair) (B) 60 0.00 0.00
Woods (Fair) (D) 78 0.00 0.00
Bare Soil (B} 82 7.7 1,452.22
Impervious {D) (Gravel} 91 0.03 277

TOTALS 17.9 1465.99

CN (WEIGHTED} 82

CN {Weighted) = Total Product/Total Area

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

gal consultants

ZAEnergy'2015vG150132.00 - DOM - Possum Point PS CCBWorking Docs\ENGINEERING\H & HiStormwater\Pond D\Pond D E&S Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 6/18/2015
C150132.00 Checked: Date:
Location: BERKEME 6/22/2015
Pond E Direct Drainage Area
|Check one; B Present O Under Development {1 Developed |
CN Area
N 0 ¥ W Acres Product
Hydrologic Group Cover Description C;'JJ ﬁ % 0 miles? of
= 5 5 CN x Area
g | & | & | o
A Woods (fair) 36 4.0 144
B Woods (fair) 60 6.7 400
A Meadow 30 9.1 272
B Meadow 58 12.8 741
3] Meadow 78 4.5 347
TOTALS 37.0 1,905
CN (weighted) = Total Product / Total Area | CN [ 52 |

*From USDA's TR-55 "Urban Hydrology for Smail Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Existing Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 4/28/2015
C150132.00 Checked: Date:
Location: BERKEME 6/22/2015
Pond E Metals Diversion A
{Check one: ¥ Present O Under Development 0 Developed |
CN Area
& e ¥ W Acres Product
Hydrologic Group Cover Description f:‘) E E a miles? of
O 4 = . CN x Area
= i i U %
A Wocds (fair) 60 1.0 62
A Meadow 78 0.04 3
TOTALS 1.1 65
CN (weighted) = Total Product / Total Area | CN | 61 |

*From USDA's TR-55 "Urban Hydrology for Small Watersheds"

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Existing Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Caiculations SCHELAB B/28/2015
C150132.00 Checked: Date:
Location: BERKEME 6/22/2015
Pond E Metals Diversion B
[Check one: B Present J Under Development 0 Developed |
CN Area
& 9 3 W Acres Product
Hydrologic Group Cover Description 5 ﬁ c; 0 miles? of
2 'g“) “g") . CN x Area
- i i %
A Woods (fair) 36 5.1 182
B Woods (fair) 60 0.9 55
A Meadow 30 6.1 182
B Meadow 58 10.1 583
TOTALS | 221 1,002
CN (weighted) = Total Product / Total Area | CN | 45

*From USDA’s TR-55 "Ueban MHydrology for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Existing Hydrology.xIsx
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Runoff Curve Number

Possum Point Pond Closures - H&H Calculations SCHELAB 6/18/2015
C150132.00 Checked: Date:
Location: BERKEME 6/22/2015
Pond E Metals Diversion C

[Check one: B Present 8 Under Development O Developed |
CN Area
& @@ ¥ W Acres Product
Hydrologic Group Cover Description ﬁ E E O miles? of
5 =3 2 . CN x Area
& i i a%
B Woods (fair) 60 29 176
B Meadow 58 1.7 99
TOTALS A7 276
CN (weighted) = Totat Product / Total Area | CN | 59 i

*From USDA's TR-55 "Urban Mydrology for Small Watersheds"

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pend E\Pond E Existing Hydrology.xlsx

OFl 0 L8



G2 of 1448

Possum Point Pond Closures By: Date:
C150132.00 SCHELAB  |6/18/2015
Location: Checked: Date:
Pond E Direct Drainage Area BERKEME [6/22/2015
Check one; W Present ¥ Under Development O Developed
Sheet Flow

Segment ID A
Surface Description.......cooovee e Woods
Manning's Roughness Coefficient, n ..o 04 (TR-55, Table 3-1)
Flow Length, Lo e 100 ft
Two-year 24-hour Rainfalt, Pa...........oe 312 in
Land Slope, 5 0.18 it
Travel Time, T, = (0.0074(n*L)°%) 7 (P,"™s").|  0.1473 hrs

Shallow Concenirated Flow

Segment 1D B
Surface Description (Paved / Unpaved)......... Unpaved
Surface Description Coefficient, C................. 16.13
Flow Length, L. 325 ft
Watarcourse Slope, S...c.ocoovviiniinineeeen 0.178 Uit
Average Velocity, V= C*s™ ... 6.82 fi/sec
Travel Time, Ty={L) 7 (360 V..o, 0.013 | hrs
Channel Flow

Segment 1D o] D
Section Base, b 2 4
Section Depth, do...oooo 1.5 1.5
Section Side Slope, Z.......coooviiiiie 2 2
Cross Sectional Flow Area, a = b*d + z*d®...... 7.5 10.5
Wetted Perimeter, p,, = b + (Z*d)*(z% + 1)°*.... 871 10.71
Hydraulic Radius, r = 8/ Py ooeeeieeiieeaninnes 0.86 0.98
Channel SIoPE, S...vviier i 0.111 0.037
Manning's Roughness Coefficient, n.............] 0.045 0.045
Average Velocity, V = (1.48 176" %) [ (n)....... 9.99 6.29 fifsec
Flow Length, L......oooriiiiiii e 235 428 ft
Travel Time, Ty = {L)/ (3B00*V). .ot 0.0065 0.0189 hrs
Time of Conceniration
Sheet Flow T e 0.1473 hrs
Shallow Concentrated Flow T, 0.0132 hrs
Channel Flow Tt 0.0254 hrs
Time of Concentration, T¢..........cooiiis 0.1860 hrs

11 mins

ZMEnergy\2015\G150132.00 - DOM - Possum Point P8 CCB\Working Docs\ENGINEERINGH & H\Stormwater\Pond E\Pend E Existing
Hydrology.xisx
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&3 of 140

Possum Point Pond Closures By: Date:
C150132.00 SCHELAB  [6/23/2015
Location: Checked: Date:
Pond E Mstlals Diversion B BERKEME |6/23/2015
]Check one: u Present 0 Under Development 0 Developed

Sheet Flow

Segment ID A

Surface Description.........coovien Dense Grass

Manning's Roughness Coefficient, n ............ 0.24 (TR-55, Table 3-1)

Flow Length, L.oceeic i, 100 ft

Two-year 24-hour Rainfall, Pz......ocoieiine 3.42 in

Land Slope, s 0.04 ft/ft

Travel Time, T, = (0.007*(n*L)"®) / (P"%*s™).|  0.1904 hrs

Shallow Concentrated Flow

Segment iD B Cc D
Surface Description (Paved / Unpaved)........ Unpaved Unpaved Unpaved
Surface Description Coefficient, C . 16.13 16.13 16.13
Flow Length, L........ooooiii e 130 232 175 ft
Watercourse SIope, S......covviiiicniininn, 0.042 0.065 1.034 ferft
Average Velogity, V= C*s™. . 3.31 411 2.98 fifsec
Travet Time, Ty = (L) / (3600*V) 0.011 0.016 0.016 hrs
Channel Flow

Segment ID E F G
Section Base, D....oovierieeee i 0 D 0
Section Depth, d.....coooiiiiin 1 1.5 2
Section Side Slope, z.......ccoon, 2 2 2
Cross Sectional Flow Area, a = b*d + z%d*.. .. 2 4.5 8
Wetted Perimeter, p,, = b + (2*d)(z° + 1)%%... 447 8.71 8.94
Hydraulic Radius, r =a/ py-.ooooiinneninnn 0.45 0.67 0.89
Channel Slope, S....ovovvirieiiiicii e, 0.300 0.078 0.018
Manning's Roughness Coefficient, n............. 0.045 0.045 0.045
Average Velocity, V = (14942 / (n)...... 10.61 7.09 4,12 flisec
Flow Length, L......c.ccooviaiiiinriri e, 118 652 652 ft
Travel Time, T, = {L) 7 (3600"V). ..., 0.0031 0.0256 0.0439 hrs
Time of Conceniration
Sheat FIOW Ti.oocvviee v esiierane 0.1904 hrs
Shallow Concentrated Flow T, 0.0429 hrs
Channel Flow Tt....ooooiiinieeieiiens 0.0726 hrs
Time of Concentration, Te...oooovivievciiiancn 0.3059 hrs

18 mins

ZAEnergy'2015\C150132.00 - DOM - Possurn Point PS CCB\Working Docs\ENGINEERINGH & H\Stormwater\Pond E\Pond E Existing
Hydrology.xisx
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54 of 140

Possum Point Pond Closures By: Date:
C150132.00 SCHELAB  [4/28/2015
Location: Checked: Date:
Pond E Metals Diversion C BERKEME |6/22/2015
Check one: H Present { Under Development {1 Developed
Sheet Flow

Segment ID A
Surface Description. ..., Dense Grass
Manning's Roughness Coefficien{, n ............] 0.24 (TR-55, Table 3-1)
Flow Length, L....coocoiiice 55 ft
Two-year 24-hour Rainfall, Py, 312 in
Land Slope, S..cvvvieiiieei e e e 0.04 ft/ft
Travel Time, T, = (0.007*(n*L)*%) / (P,*s").0  0.1132 hrs

Shaliow Concentrated Flow

Segment |D B
Surface Description (Paved / Unpaved)......... Unpaved
Surface Description Coefficient, C................. 16.13
Flow Length, ... 381 ft
Watercourse SIope, S......oovvvvviiivianiieeinnes 0.218 ft/ft
Average Velacity, V= C*s> ... 7.53 ft/sec
Travel Time, Ty= (L) / (3600*V)...oooiiiiinins 0.014 hrs
Channel Flow

Segment 1D C
Section Base, b 0
Section Depthy, d........ooii s 1.5
Section Side Slope, z 2
Cross Sectional Flow Area, a = b*d + z*d%..... | 4.5
Wetted Perimeter, p,, = b + (2*d)*(z2 + 1)*%.... 6.71
Hydraulic Radius, r=a/p,, 0.67
Channel Slope, S......cooociiinans 0.032
Manning's Roughness Coefficient, n 0.045
Average Velocity, V = (1.495*s") [ {n)....... 4,54 ft/sec
Flow Lengih, L....ooooviisiiiinniiiiniir e 374 ft
Travel Time, Ty= (L} / (3800*V).......coovveiieees 0.0229 hrs
Time of Concentration
Sheet Flow T 0.1132 hrs
Shaliow Concentrated Flow T, 0.0140 hrs
Channel Flow Th..ocooiinnire e 0.0229 hrs
Time of Concentration, T, 0.1501 hrs

g mins

ZAEnergy\2015\C150132.00 - DOM - Possum Point PS CCB\Waorking Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Existing
Hydrology.xlsx
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v.8

Runoff Curve Number

Proiect; By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 6/22/2015
C150132.00 Checked; Date:
Location: BERKEME 8/23/2015
Pond E, Metals Diversion B

|Eheck one; O Present O Under Development & Developed t
CN Area
& @ 3 W Acres Product
Hydrolagic Group Cover Description C; DY S 0 miles? of
2 5 5 CN x Area
ki i i 0%
A Woods {fair) 36 4.4 159
B Woods (fair) 60 0.6 39
B Revegetated 58 20.7 1,202
A Meadow 30 29 88
B Meadow 58 51 295
TOTALS 33.8 1,783
CN (weighted) = Total Product / Total Area | CN i 53 |

*From USDA's TR-55 "Urban Hydrology for Smail Watersheds"

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Post Construction.xlsx
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G.8

Runoff Curve Number

Project; By: Date;
Possum Point Pond Closures - H&H Calculations SCHELAB 6/22/2015
C150132.00 Checked: Date:
Location: BERKEME 6/22/2015
Pond E, Metals Diversion C
[Check one: O Present O Under Development m Beveloped |
CN Area
& @ 5 B Acres Product
Hydrologic Group Cover Description ‘j‘) % c:,], O miles? of
= 3 = . CN x Area
- i i 0%
A Wooeds (fair) 36 0.06 2.3
B Woods (fair) 80 1.6 g5
B Meadow 58 0.8 45
TOTALS | 24 143
CN (weighted) = Total Product / Total Area CN ! 59

*From USDA’s TR-55 "Urban Hydrology for Small Watersheds™

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Post Construction.xIsx
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9.8

Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations BRENDCF 8/20/2015
C150132.00 Checked:; Date:
Location: BREKEME 8/20/12015
Pond E, Chanel E-1 Direct Runoff
]Check one: U Present O Under Development u Developed I
CN Area
. © < W Acres Product
Hydrologic Group Cover Deascription ‘:’) ﬁ 2 O miles® of
B ‘g g . CN x Area
= i i Q%
B Revegetated 58 8.7 b4
B Meadow 58 2.2 130
C Gravel 91 1.0 95
TOTALS 12.0 730
CN (weighted) = Total Product / Total Area | CN | 61 |

*From USDA's TR-55 "Urban Hydrology for Smalt Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Post Construction.xlsx
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L/.8

Runoff Curve Number

Project: By: Date;
Possum Point Pond Closures - H&H Calculations BRENDCF 8/20/2015
C150132.00 Checked: Date:
Location: BREKEME 8/20/2015
Pond E, Channel E-2 Direct Runoff

[Check one: 0 Present O Under Development B Developed |
CN Area
& Ny ¥ W Acres Product
Hydrologic Group Cover Description S'IJ E E C miles® N 0‘;
“E 8 5 Q% X Area
B Revegetated 58 1.3 653
A Meadow 30 0.9 27
B Meadow 58 0.5 29
TOTALS 12.7 710
CN (weighted) = Total Product / Total Area | CN | 56 |

*From USDA's TR-55 "Urban Mydrology for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Pgint PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Post Construction.xIsx
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8.8

Runoff Curve Number

CN (weighted) = Total Product / Total Area

*From USDA's TR-55 "Urban Hydrology for Small Watersheds™

Project: By: Date:
Possum Point Pond Closures - H&H Calculations BRENDCF 8/20/2015
C150132.0¢ Checked: Date:
Location: BREKEME 8/20/2015
Pond E, Channel E-3 Direct Runoff
|Check one: U Present T Under Development H Developed |
CN Area
& i 1 W Acres Product
Hydrologic Group Cover Description o c; ﬁ 0 miles® of
Q s —
o = =X . CN x Area
© i i U %
B Revegetated 58 14.9 866
A Meadow 30 0.2 5
B Meadow 58 0.5 28
B Woods (fair) 60 0.05 3
C Gravel 91 0.9 82
TOTALS 16.5 983

CN

60 |

v 0 65

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Post Construction.xlsx



Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations BRENDCF 8/20/2015
C150132.00 Checked: Date:
Location; BREKEME 8/20/2015
Pond E, Cutlet Channel Direct Runoff
ECheck one: {2 Present 0 Under Development B Developed 1
CN Area
& 0 < W Acres Product
Hydrologic Group Cover Description 2 ﬁ ﬁ O miles? of
B g g . CN x Area
e i i O %
B Revegetated 58 4.3 249
A Meadow 30 0.05 14
B Meadow 58 0.1 59
B Woods (fair) 60 0.05 3.0
C Gravel 91 0.2 18
TOTALS 4.7 278

CN (weighted) = Total Praduct / Total Area

“From USDA's TR-55 "Urban Hydrology for Small Watersheds"

6.8

Z\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Post Constructicn.xlsx
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088

Runoff Curve Number

CN (weighted) = Total Product / Total Area

*From USDA's TR-55 "Urban Hydrolegy for Small Watersheds"

ZA\Energy\2015\C150132.00 - DOM - Possum Point PS5 CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Post Construction.xlsx

Project: By: Date:
Possum Point Pond Closures - H&H Calculations BERKEME 713012015
C150132.00 Checked: Date:
Location: SCHELAB 8/11/2015
Pond E, Channe! E-4
|Check one: 0O Present O Under Devetopment B Developed !
CN Area
5 0 < B Acres Product
Hydrologic Group Cover Description C;‘J E E 0 miles? of
= > > CN x Area
& 2 2 a%
N/A Riprap Area 91 6.1 9
A Meadow 30 0.5 14
B Meadow 58 09 51
B Revegetated Area 58 22 125
TOTALS 3.6 199

CN ;

55

Ot 1oL/
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations BERKEME 713072015
C150132.00 Checked: Date:
Location: SCHELAB 8/11/2015
Pond E, Channel E-5

ICheck one: O Present 0O Under Development B Developed |
CN Area
5 ™ < W Acres Product
Hydrologic Group Cover Description f;') E ﬁ Q miles® of
= g g . CN x Area
s i i %
N/A Riprap Area 89 0.1 5
A Meadow 30 0.3 9
B Meadow 58 0.7 38
B Woaods 60 0.4 27
B Revegetated Area 58 2.3 134
TOTALS 3.8 215
CN {(weighted) = Total Product / Total Area [ CN | 56 |

*From USDA's TR-55 "Urban Hydrolegy for Small Watersheds"

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Post Construction.xlsx
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Runoff Curve Number

CN (weighted) = Total Product / Total Area

*From USDA's TR-55 "Urban Hydrology for Smali Watersheds"

Project: By: Date:
Possum Point Pond Closures - H&H Calculations BERKEME 7/30/2015
C150132.00 Checked: Date:
Location: SCHELAB 8/11/2015
Pond E, Channel E-6
]Check ane: T Present O Under Development = Developed I
CN Area
& 0 < W Acres Product
Hydralogic Group Cover Description ﬁ E E Q miles? of
o 2 2, . CN x Area
£ = £ 0%
N/A Riprap Area 89 0.2 16
A Meadow 30 2.3 69
B Meadow 58 2.6 153
B Woods 60 36 218
TOTALS 8.7 455

CN

52 ]

0¥ 0L

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Post Construction.xlsx



T4 of 140

Possum Paint Pond Closures By: Date:
C150132.00 SCHELAB  |8/20/2015
l.ocation: Chegked: Date:
Pond E, Channel E* Direct Drainage Area BERKEME 8/21/2015
Check cne: 0O Present {1 Under Development # Daveloped
Sheei Flow

Segment 1D A
Surface Deseription........ooviiiiren e Dense Grass
Manning's Roughness Coefflcient, n............ 0.24 (TR-55, Table 3-1)
Flow Length, L., oo 100 ft
Two-year 24-hour Rainfall, Pa......cooooooiin 3.12 in
Land SBlope, S....coevviveveiinie i 0.13 ft/ft
Travel Time, T, = (0.007*n*L)"%) / (P*%s"*1{  0.1138 hrs
Shallow Concentrated Flow

Segment iD B
Surface Description {Paved / Unpaved)......... Unpaved
Surface Description Coefficient, C.......ooooe o 16.13
Flow Length, L 105 ft
Watercourse Slope, ... 0.076 it
Average Velocity, V= C*8™ e 4,45 f'sec
Travel Time, T, = (L}/ (3600"V)............oo, 0.0066 hrs
Channel Flow

Segment ID C D E
Section Base, Bo.ociiviiiini e 15 15 15
Section Depth, d.....c..cooiiiiiiin 4 4 4
Section Side Slope, z 2 2 2
Cross Sectional Flow Area, a = b*d + z*d*...... 92 02 92
Wetted Perimater, py = b + (24dy (2 + 1)°°.... 32.89 32.89 32.89
Hydraulic Radius, r = a/ Py...oovoeiniviieniinnne- 2.80 2.80 2.80
Channel Slope, S..co.ooeee i 0.060 0.020 0.010
Manning's Roughness Coefficient, n.............] 0.04+1 0.041 0.041
Average Velocity, V = (1.491%%") / (n)... ... 17.67 10.20 7.21 ft/sec
Flow Length, Lo 335 165 G01 H
Travel Time, Ty = (LY / (3600*V)....ccccooeeeeiil, 0.0053 | 0.0045 0.0231 hrs
Time of Concentration
Sheet FIOW Ti v 0.1138 hrs
Shallow Concentrated Flow T, 0.0066 hrs
Channel FIow Th....oooovieeiiiiiiiinnree 0.0329 hrs
Time of Goneentration, Te.oooovviiiiiee e, 0.1534 hrs

9 mins

Z\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERINGH & H\Stormwater\Pond E\Pond E Post
Construction.xlsx
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T ol 140

Possum Point Pond Closures By: Date;
C150132.00 SCHELAB  [8/20/2015
Location: Checked: Date:
Pond E, Channe! E2 Direct Drainage Area BERKEME [8/21/2015
[Check one: 0 Present 0 tnder Development m Developed 4]
Sheet Flow
Segment iD A
Surface Description. ... Woods
Manning's Roughness Coefficlent, n ............. 0.4 (TR-55, Table 3-1}
Flow Length, Lo 100 ft
Two-year 24-hour Rainfall, Pp........c.. oo 3.12 in
Land SIOPE, S......vverriiiinnirrsre e 0.10 it
Travel Time, T, = (0.007%(n*L)*%) / (P,"%*s™%).{  0.1918 hrs
Shallow Concentrated Flow
Segment ID B c 3] E
Surface Description (Paved / Unpaved)......... Unpaved Unpaved Unpaved Unpaved
Surface Description Coefficient, C........c.cco.. 16.13 16.13 16.13 16.13
Flow Length, L.......ocvveriioenieiieee e 100 55 76 615 fit
Watercourse Slopg, 8.....coviiiveniiemiiiniein 8.120 0.330 0.050 ¢.012 ft/ft
Average Velocity, V= C*s™. .o 5.59 .27 3.61 1.77 fi/sac
Travel Time, T, = (L) / (3600"V)....cco s 0.0050 0.0016 0.0059 0.0967 hrs
Channel Flow
Segment ID F
Section Base, bo...oocoviiiiinn e 10
Section Depth, ..o 2
Section Side Slope, Z....ooeo i 2
Cross Sectional Flow Area, a = b*d + z*d”....., 28
Wetted Perimeter, p,, = b + (26)(* + 1)"%.... 18.94
Hydraulic Radius, F=a/ py..ccooovnines 1.48
Channel Slope, S..cc.oovviei i 0.010
Manning's Roughness Coefficient, n.............. 0.041
Average Velocity, V = (1.4977*s"%) / (n).... .. 4,72 ft/ses
Flow Length, Lo 383 ft
Travel Time, T¢= (L) / (3600*V)..oo oo eeveeennn 0.0226 hrs
Time of Concentration
ShEet FIOW Trrnreiiierisiere e eeenreenererranns s 0.1919 hrs
Shallow Congcentrated Flow Te...oooo 0.1091 hrs
Channel Flow Th....ovii e 00226 hrs
Time of Concentration, Te......oiiiiieie 0.3236 hrs
19 mins

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCBWorking Docs\ENGINEERINGH & H\Stormwaten\Pond E\Pond E Post

Construction.xlsx
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76 ot 140

Possum Point Pond Closures By: Date:
€150132.00 SCHELAB  |8/21/2015
Location: Checked: Date:
Pond E, Channel E3 Direct Drainage Area BERKEME [8/21/2015
rCheck aone; O Present 0O Under Development B Developed
Sheet Flow

Segment ID A
Surface Description.....ooove e Woods
Manning's Roughness Coefficient, n ............. 04 (TR-55, Table 3-1)
Fiow Length, Lo 1C0 ft
Two-year 24-hour Rainfall, Pa.............. 312 in
Land Slope, S.vuviceeiii e .07 i
Travel Time, T, = (0.007(n"L)*%) / (P,""*s%*..|  0.2196 hrs

Shaltow Concenirated Flow

Segment ID B C ¥
Surface Description (Paved / Unpaved)......... Unpaved Unpaved Unpaved
Surface Description Coefficient, C................. 16.13 16.13 16.13
Flow Length, L. 131 96 1070 ft
Watercourse SIope, S..veevviiiviiiiiiiec e 0.070 0.210 0.012 ft/ét
Average Velocity, V=C*s"* ... 4.27 7.39 177 fifsec
Travel Time, Ty = (L) 7 (3600%V)......cooiviivnnns 0.0085 0.0036 0.1682 hrs
Channel Flow

Segment iD C
Section Base, b....ooooi 10
Section Depth, d...vovvevviiee 2
Section Side Slope, z....oooo o 2
Cross Sectional Flow Area, & = b¥d + z*d”...... 28
Wetted Perimeter, p,, = b+ (2d)" @ + 1)"5.... 18.94
Hydrautic Radius, r=a/ Dy 1.48
Channel Slope, 8. ..ooovivvvin e 0.010
Manning's Roughness Coefficient, n.............. 0.041
Average Velogity, V = (1.49* sy / (n)....... 4.72 f/sec
Flow Length, Lo 76 ft
Travel Time, T,= (L} / (3600*V)........coooie 0.0845 hrs
Time of Concentration
Sheet FIOW T et oo ceceieciiinr i 0.2196 hrs
Shallow Concentrated Flow Ti.................... 0.1803 hrs
Channel Flow Tto...ooooo oo 0.0045 hrs
Time of Concentration, Te..ooveeiiieien 0.4044 hrs

24 mins

ZAEnergy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERINGH & H\Stormwater\Fond E\Pond £ Post
Construction.xisx
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¥ of 140

Possum Point Pond Closures By: Date:
C150132.00 SCHELAB  [8/21/2015
Location: Checked: Date:
Pond E, Qutlet Channel Direct Drainage BERKEME [8/21/2015
]M 0 Present [ Under Development # Developed
Sheet Flow
Segment ID A
Surface Description.........ovie Woods
Manning's Roughness Coefficient, n ............. G.4 (TR-55, Table 3-1)
Flow Length, Lo.ooovivimiiniies 100 ft
Two-year 24-hour Rainfall, P, 3.12 in
Land SIoPe, S...vvvvvviviiireeii e 0.06 ini
Travel Time, T, = (0.007*(n*L)"%) / (P**s™4)..|  0.2368 hrs
Shallow Concentrated Flow
Segment ID B C D E
Surface Description (Paved / Unpaved)......... Unpaved Unpaved Unpaved Unpaved
Surface Description Coefficient, C................. 16.13 16.13 16.13 16.13
Flow Length, L. 172 37 74 903 fi
Watercourse SIope, 5. ..ivvveiiiiieieciee £.090 0.333 0.020 0.012 ft/t
Average Velocity, V=C*s™ ..o 4,84 9.31 2.28 1.77 fifsec
Travel Time, T, = (L} / (3600"V).....coooomiienn 0.0099 0.0011 0.0090 0.1418 hrs
Channet Flow
Segment iD F
Section Base, Do 18
Section Depth, d 4
Section Side Slope, z......ocoiviiiee e 2
Cross Sectional Flow Area, a = b*d + z*d*....., 92
Wetted Perimeter, p,, = b + (2*d)*(z% + 1)°5.... 32.89
Hydraulic Radius, r=a/py....ooovevivnniinnne- 2.80
Channel Slope, §....ccocoviiniririiieee e 0.010
Manning's Roughness Coefficient, n.............. 0.041
Average Velagity, V = (1.497%%s ") / (n}....... 7.21 fisec
Flowlength, L. 247 ft
Travel Time, T,= (L) / (3600*V)...........ocooennns 0.0085 hrs
Time of Concentration
Sheet FIOW Ti e 0.2368 hrs
Shallow Concentrated Flow T, 0.1619 hrs
Channel Flow ... 0.0095 hrs
Time of Concentration, T, 0.4082 hrs
24 mins

ZAEnergy\2015\C150132.00 - DOM - Pessum Point PS CCB\Working Docs\ENGINEERINGH & H\Stormwater\Pond EVPond E Post

Construction.xlsx
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78 o140

Possum Point Pond Closures By: Date:
C150132.00 SCHELAB 6/22/12015
Location: Checked: Date:
Pond E Metals Diversion C BERKEME |6/23/2015
Iﬁeck ane: Q Present 3 Under Development W Developed
Sheet Flow

Segment ID
Surface Description............iend Dense Grass
Manning's Roughness Coefficient, n............. 0.24 (TR-55, Table 3-1)
Flow Length, L.. ... 0 ft
Two-year 24-hour Rainfall, Po....oooovvveieeinn, 3.12 in
Land 8lope, S...ovvvv e 0.06 At
Travel Time, T, = (0.007*n*L)"%) 7 (P2%s%.{  0.0000 hrs

Shaltow Concentrated Flow

Segment B A
Surface Description (Paved / Unpaved)......... Unpaved
Surface Description Coefficient, C.........cocooo. 16.13
Flow Length, Lo, 294 ft
Watercourse Slope, S..evvvivivi i 0.224 Uit
Average Velocity, V= Cs™ .o, 7.64 fiisec
Travel Time, T, = (L) / (3600").................. 0.011 hrs
Channel Flow

Segment D B
Section Base, b..o.ovviiiien 0
Section Depth, d.....cocoerrriviciiiii e, 15
Section Side Slope, ..o 2
Cross Sectional Flow Area, a = b*d + z*d”...... 4.5
Wetted Perimeter, p, = b + (2%dy (2% + 1)%°... 8.71
Hydraulic Radius, r=a/py...coooevvrren 0.67
Channel Slope, 8.........ociviavremieees 0.029
Manning's Roughness Coefficient, n.............; 0.045
Average Velocity, V = (1.48***s"%) [ (n}....... 4.32 ftisec
Flow Length, Lo 448 ft
Travel Time, T,={L) / (3600™V)........coeeniinnnns 0.0288 hrs
Time of Coneentration
Sheet Flow Ti.ooooiiiiiiiie e 0.0000 hrs
Shallow Concentrated Flow Ty 0.0107 hrs
Channel Flow Tt 0.0288 hrs
Time of Concentration, Te...ovovveiieenicienn, 0.0395 hrs

2 mins

ZAEnergyi2015\C150432.00 - DOM - Possum Point PS CCBWorking Dacs\ENGINEERING\H & H\Stormwater\Pend EVPond E Post
Construction.xlsx
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T4 of 140

Possum Point Pond Closures By: Date:
C150132.00 BERKEME |7/30/2015
Location: Checked: Date:
Pond E, Channel E-4 SCHELAB  |8/12/2015
Check one: O Present [ Under Developmeant & Developed
Sheet Flow

Segment I A
Surface Description..........ccciremeien Dense Grass
Manning's Roughness Coefficient, n ............] ¢.24 {TR-55, Table 3-1)
Flow Length, Lo, 32 i
Two-year 24-hour Rainfall, Ps... 3.12 in
Land Slope, 8.....oovviveniniieieee e 0.25 ft/ft
Travel Time, T, = {0.007*(n*L)**) / (P,"%*s"*)..|  0.0352 hrs

Shallow Concentrated Flow

Segmerit 1D B c D E
Surface Dascription {Paved / Unpaved)......... Unpaved Unpaved Linpaved Unpaved
Surface Description Coefficient, C...oveee 16.13 16.13 16.13 16.13
Flow Length, L 217 108 151 85 it
Watercourse Slope, s... 0.286 0.333 0.005 0.120 fift
Average Velocity, V= C8™ .o 8.62 9.32 1.14 5.59 ft/sec
Travel Time, T, = (L} 7/ (3600"V).................. 0.007 0.003 0.037 0.004 hrs
Charnnel Flow

Segment ID
Section Base, b
Section Depth, d....oovee
Section Side Slope, Z....ovv e
Cross Sectional Flow Area, a = b*d + z*d"......
Wetted Perimeter, p,, = b + (2*d)*(z* + 1)°%...
Hydraulic Radius, r=a/ Py,
Channel SIope, ..o e
Manning's Roughness Coefficient, n..............
Average Velocity, V = (1.49*>s"%) [ (n)....... ft/sec
Flow Length, L. ft
Travel Time, T, = (L) / (3600*V).............oces hrs
Time of Conceniration
Sheet FIoW T, 0.0352 hrs
Shallow Concenirated Flow T, £.0512 hrs
Channel Flow Tt.....ccocoooiiiiini e 0.0000 hrs
Time of Concentration, Te..oovveeoieieeiinns 0.0864 hrs

5 mins

ZAEnergy\2015\C150132,00 - DOM - Passum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E Post
Consfruction.xlsx
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30 of 140

Passum Point Pand Closures By: Date:
C150132.00 BERKEME |[7/30/2015
Location: Checked: Date:
Pond E, Channel E-5 SCHELAB  |8M12/2015
Check one: [ Present 0O Under Development ® Developed
Sheet Flow

Segment ID A
Surface Description...........o Dense Grass
Manning's Roughness Coefficient, n ............. 0.24 (TR-55, Table 3-1)
Flow Length, Lo 50 ft
Two-year 24-hour Rainfali, P, 3.12 in
Land Slope, S..oovvee i 0.32 ft/ft
Travel Time, T, = {0.007*(n*L)™8) / (P,"%*s"")..[  0.0456 hrs
Shallow Concentrated Flow

Segment 1D B C D E
Surface Description (Paved / Unpaved)......... Unpaved Unpaved Unpaved Unpaved
Surface Description Coefficient, C................ 16.13 16.13 16.13 16.13
Flow Length, L.....o..ooiiiii 240 103 145 196 ft
Watercourse Slope, s........... 0.250 0.330 0.005 0.080 ftift
Average Velocity, V = C*s%° 8.07 9.27 1.14 456 ftisec
Travel Time, T,={L)/ (3600*V).................c. 0.008 0.003 0.035 0.012 hrs
Channel Flow

Segment ID
Section Base, b.........oooi
Section Depth, d......o
Seclion Side SIope, Z........oovciii e
Cross Sectional Flow Area, a = b*d + z*d”......
Wetted Perimeter, p,, = b + (2*d)*(2> + 1)*°....
Hydraulic Radius, r = a/ py...ccoeereeeiiiinn
Channel Slope, S....ooovveeiic e
Manning's Roughness Coefficient, n..............
Average Velocity, V = (140> (n)....... ftisec
Flow Length, L....ovvvreioeer e ft
Travel Fime, Ty = (L} / {(3600*V}....coooeeninn. hrs
Time of Conceniration
Sheeat FIow Tiee e 0.0456 hrs
Shallow Concentrated Flow Ty................... 0.0586 hrs
Charnel Flow T, 0.0000 hrs
Time of Concentration, Te....cooooviiivinnnne. 0.1042 hrs

6 mins

ZAEnergy\2015\C150132.00 - DOM - Possum Paint PS CCB\Working Docs\ENGINEERINGH & HiStormwater\Pond E\Pond E Post

Construction . xlsx
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81 of 140

Possum Point Pond Closures By: Date:
C150132.00 BERKEME |7/30/2015
Location: Checked; Date:
Pond E, Channel E-6 SCHELAB  |8M12/2015
Check one; O Present 0 Under Development # Developed
Sheet Flow

Segment ID A
Surface Description.........ir i Dense Grass
Manning's Roughness Coefficient, n............] 0.24 {TR-55, Table 3-1}
Flow Length, L....coooeniiiiiinn e 50 ft
Two-year 24-hour Rainfall, Pa............cooooo - 312 i
Land Slope, S 0.03 ft/ft
Travel Time, T, = (0.0074n*L)*% 7 (P51 0.1146 hrs
Shallow Concentrated Flow

Segment 1D B C
Surface Description (Paved / Unpaved)......... Unpaved Unpaved
Surface Description Coefficient, C................. 16.13 16.13
Flow Length, L. 273 47 ft
Walercourse Slope, S....cooviniiiinieen 0.283 0.040 i/t
Average Velocity, V= C*s™® ..o 8.58 3.23 ftisec
Travel Time, Ty = (L) £ (3600*V)....cooovinnrnn. 0.009 0.004 {hrs
Channel Flow

Segment ID D
Section Base, b 4
Section Depth, d..........ooviinnes 1.5
Section Side Slope, z 2
Cross Secfional Flow Area, a = b*d + z*d” ... 10.5
Wetted Perimeter, p,, = b + (2*d)*(z° + 1)*5.... 10.71
Hydraulic Radius, r=a { p, 0.68
Channel Slope, S..coev i 0.017
Manning's Roughness Coefficient, n.............. 0.045
Average Velocity, V = (1.49* ")/ (n)....... 4.26 ft/sec
Flow Length, L....coeoooieeic e, 239 ft
Travel Time, T, = (L}/ {(3600*V)...........ce 0.0156 hrs
Time of Concentration
Sheet FIOW Ty, 0.1146 hrs
Shallow Concentrated Flow T, 0.0129 hrs
Channel Flow Tt..c.oooicnn 0.0156 hrs
Time of Concentration, T, 0.1431 hrs

9 mins

ZAEnergyi2015\C150132.00 - DOM - Possum Point PS CCB\Woaorking Docs\ENGINEERINGH & HiStormwater\Pond E\Peond £ Post

Construction.xisx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations BRENDCF 8/20/2015
C150132.00 Checked: Date:
Location: BREKEME 8/20/2015
Pond E, Channe! E-1 Direct Runoff
[Check one: 0 Present 0O Under Deveiopment = Developed |
CN Area
& o ) W Acres Product
Hydrologic Group Cover Description f?’; E g 0 mites® of
el =3 2 . CN x Area
L £ 2 a%
B Bare Soil (Dirt) 82 8.7 713
B Meadow 58 2.2 130
C Gravel 91 1.0 95
TOTALS | 120 939
CN (weighted) = Total Product / Total Area [ CN | 78 |

*Fram USDA's TR-55 "Urban Hydrology for Smatl Watersheds"

Ot 30 48

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E E&S Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations BRENDCF 8/20/2015
C150132.00 Checked: Date:
Location: BREKEME 8/20/2015
Pond E, Channel E-2 Direct Runoff
|Checi< ong: O Present 0 Under Development ® Developed E
CN Area
& o ¥ W Acres Product
Hydrologic Group Cover Description g 2 ?, 0 miles? of
<) g g . CN x Area
° i i U %
B Bare Soil (Dirt) 82 11.3 924
A Meadow 30 0.9 27
B Meadow 58 0.5 29
TOTALS 12.7 980
CN (weighted) = Total Product / Total Area [ CN | 77 |

*From USDA's TR-55 "Urban Hydrology for Small Watersheds"

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E E&S Hydrology.xlsx
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Runoff Curve Number

Project: By: Rate:
Possum Point Pond Closures - H&H Calculations BRENDCF 8/20/2015
C150132.00 Checked: Date:
Location: BREKEME 8/20/2015
Pond E, Channel E-3 Direct Runoff
1Check one: { Present 0O Under Development | Developed I
CN Area
& @ ¥ W Acres Product
Hydrologic Group Cover Description & < PN O miles® of
2 g 'g) . CN x Area
s i i a%
B Bare Sail (Dirt) 82 14.9 1,224
A Meadow 30 0.2 5
B Meadow 58 0.5 28
B Woods (fair) 60 0.05 3
C Gravel 91 0.8 82
TOTALS 16.5 1,342
CN (weighted) = Total Product / Total Area | CN | 81 |

*From USDA’s TR-55 "Urban Hydrology for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E E&S Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations BRENDCF 8/20/2015
C150132.00 Checked: Date:
| Location: BREKEME 8/20/2015
Pond E, Qutlet Channel Direct Runoff
|Check one: 01 Present 0 Under Development = Developed |
CN Area
& 9 < W Acres Product
Hydrologic Group Cover Description o~ N PN Q miles® of
2 3 'g) . CN x Area
e i i H %
B Bare Soil {Dirt} 82 43 353
A Meadow 30 0.05 1.4
B Meadow 58 0.1 59
B Woods (fair) 60 0.05 3.0
C Gravel 91 0.2 18
TOTALS 47 381
CN (weighted) = Total Product / Total Area [ CN 81 |

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

(Lo ge

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pand E E&S Hydrology.xlsx
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Runoff Curve Number

CN (weighted) = Total Product / Total Area

*From USDA's TR-55 "Urban Mydrology for Small Watersheds”

Z:\Energy\20154C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E E&S Hydrology.xlsx

Project: By: Date:
Possum Point Pond Closures - H&H Calculations SCHELAB 6/22/2015
C150132.00 Checked: Date:
Location: BERKEME 6/23/2015
Pond E, Metals Diversion B
lCheck one: £ Present B Lnder Development U Developed l
CN Area
& @ < W Acres Product
Hydrologic Group Cover Description 4 Py S 0 miles? of
2 ’g} E, \ CN x Area
& £ 2 a%
A Woods (fair) 36 4.4 159
B Woods (fair} 60 0.6 39
B Bare Soil (Dirt) 82 207 1,699
A Meadow 30 2.9 88
B Meadow 58 51 295
TOTALS 338 2,280

CN

67

Oy e aR
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Runoff Curve Number

Proiect: By: Date:
Possum Paint Pond Closures - H&H Calculations SCHELAB 6/22/2015
C150132.00 Checked: Date:
Location; BERKEME 612212015
Pond E, Metals Diversion C
[Check one: O Present B Under Development 01 Developed I
CN Area
N 2 ¥ W Acres Product
Hydrologic Group Cover Description ™ c;: ﬁ [ miles? of
[4h] [ —
o 2 2, . CN x Area
S i i U %
A Woods (fair) 36 0.06 2.3
B Woods (fair) 60 1.6 95
B Meadow 58 0.8 45
TOTALS | 24 143
CN (weighted) = Total Product / Total Area | CN | 59 |

*From USDA's TR-55 "Urban Hydralogy for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E E&S Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations BERKEME 7130/2015
C150132.00 Checked: Date:
Location: SCHELAB 8M11/2015
Pond E, Channel E-4
!Check one: 0 Present m Under Development L Developed ]
CN Area
& o < W Acres Product
Hydrologic Group Cover Description ﬁ % ﬁ 0 miles® of
rel Lg') é") . CN x Area
= i i L%
N/A Riprap Area 89 0.1 9
A Meadow 30 0.5 14
B Meadow 58 0.9 51
B Bare Soil (Dirt) 82 2.2 177
TOTALS 3.6 251
CN (weighted) = Total Product / Total Area { CN | 70 |

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E E&S Hydrology.xlsx
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Runoff Curve Number

Project: By: Date:
Paossum Point Pond Closures - H&H Calculations BERKEME 7/30/2015
C150132.00 Checked: Date;
Location: SCHELAB 8/11/2015
Pond E, Channel E-5

[Check one: O Present m Under Development O Developed i
CN Area
&N @ 3 ® Acres Product
Hydrologic Group Cover Description ~ c:, c; 0 miles® of
2 E, 'g . CN x Area
i i i L%
N/A Riprap Area 89 0.1 5
A Meadow 30 0.3 g
B Meadow 58 0.7 39
B Woods 60 0.4 27
B Bare Soil {Dirt) 82 23 180
TOTALS 3.8 270
CN (weighted) = Total Product / Total Area [ CN | 71 |

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E E&S Hydrology.xlsx

Opl 3058



668

Runoff Curve Number

Project: By: Date:
Possum Point Pond Closures - H&H Calculations BERKEME 7/30/2015
C150132.00 Checked: Date:
Location: SCHELAB 8/11/2015
Pond E, Channel E-6

|Check one: Q Present m Under Development O Developed |
CN Area
& € <+ W Acres Product
Hydrologic Group Cover Description f$ E E Q miles? of
B 2 2 . CN x Area
e i i Wl 9%
N/A Riprap Area 89 0.2 16
A Meadow 30 2.3 69
B Meadow 58 2.6 153
B Woods 60 3.6 218
TOTALS 8.7 455
CN (weighted) = Total Product / Total Area | CN | 52 |

*From USDA's TR-55 "Urban Hydrology for Small Watersheds”

Z:\Energy\2015\C150132.00 - DOM - Possum Paint PS CCB\Working Docs\ENGINEERING\H & H\Stormwater\Pond E\Pond E E&S Hydrology.xlsx
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SUBJECT POSSUM POINT CCR POND CLOSURES

SITE HYDROLOGIC ANALYSES
BY SCHELAB DATE 06/28/2015  PROJ. NO.C150132.00
CHKD. BY BERKEME DATE_07/9/2015 gal consultants

ATTACHMENT 4

NOAA RAINFALL DATA

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Site Hydrology
Calcations\Site Hydrology.docx
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Precipitation Frequency Data Server

NOAA Atlas 14, Volume 2, Version 3
Location name: Dumfries, Virginia, US*
Latitude: 38.5352°, Longitude: -77.2816°

Elevation: 30 ft*

* source: Gaogle Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M, Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley
NOAA, National Weather Service, Silver Spring, Maryland

PE _{abular | PF_graphical | Maps & aerials

Page 1 of 4

42 of 140

PF tabular
PDS-based point precipitation frequency estimates with 88% confidence intervals (in inches)’
. Average recurrence interval (years)
Duration
1 2 F 5 [ 10 || =5 50 |[ oo ] 200 500 1000 |
§-min 0.357 0.428 0,509 0.568 0.643 0.69% 0,755 0.810 0.880 0.934
(0.323-0.393)]| (0.387-0.472)(0.460~0.561)|(0.612-0.626)||(0.576-0.709) |(0.624-0.77 1), |{0.670-0.834}){(0.713-0.896) (0.766-0.978)}[{0.808-1.04)
10-min 0.570 0.685 0.815 04.909 1.03 1.11 1.20 1.28 1.39 1.47
(0,516-0.629)]|(0.620-0.755)}0.737~0.898} | (0.820-1.00) || (0.918-1.13) [ {0.893-1.23} || {1.06-1.33) (1.13-1.42) || {1.21-1.85) {{(1.27-1.65}
15.min 0.713 0.861 1.03 1,15 1.30 1.41 1.52 1.62 1.75 1.85
li0.645-0.786)](0.779-0.948), (0.932-1.14) || (1.04-1.27) || (1.16-1.43} || (1.26-1.56) || {1.35-1.68) || (1.43-1.78) || (1.53-1.95) ||(1.60-2.06}
30-min 0.978 1.13 1.47 1.67 1.93 212 2.32 2.52 U 2.79 299
(0.884-1.083 1 (1.08-1.31) || (1.32-1.62) || (1.50-1.84) || (1.72-2.12) || (1.89-2.34) {2.06-2.57) ] (2.22-2.79) {| {2.43-3.10) ||{2.58-3.34)
§0-min 1.22 1.49 1.88 247 2.56 2.88 3.20 3.54 4,00 4.37
(1.50-1.34) | (1.35-1.64) || (1.70-2.07 || (1.86-2.39) || (2.30-2.83) || (2.57-3.17) | (2.84-3.53) | (3.11-3.91) }| (3.48-4.45) || (3.78-4.86)
2 hr 1.42 1.73 2.20 2.56 3.07 348 3.02 4.39 5.04 557
(1.28-1.58) || (1.56-1.92) [} (1.98-2.43) [} (2.20-2.83) i (2.74~3.39) || (3.10-3.85) j| (3.46-4.34) | (3.84-4.86) (4.36-5.61) || (4.77-6.23)
3hr 1.53 1.87 237 2.77 3.33 3.80 4.30 4.52 5.58 6.20
(1.38-1.72) || (1.68-2.00) || {2,12-2.64) || (2.47-3.08) §| (2.96-3.71) || (3.35-4.23) [[ (3.76-4.78) | {4.18-538) || (4.77-6.25) ;| (5.24-6,97
| 6ehr | 1,89 2.29 l 2.89 3.38 H 411 472 E 539 6.11 ” 7.7 8.06
(1.70-2.12) | (2.06-2.56) || {2.59-3.23) {| (3.02-3.78) | {3.64-4.59) |} (4.15-5.28) || (4.69-6.02) | {5.26-6.84) || (6.08-8.07) || (6.73-9.11)
12.hr 2.29 2.76 3.5 414 5.10 594 6.87 7.80 9.46 10.8
(2.05-2.58) | (2.47-3.11) || {3.13-3.95) || (3.68-4.65) || (4.49-5.72) || (5.17-6.86) || (5.81-7.70) | {6.71-B.88) || (7.88~10.7) || (8.B6~12.3)
24-hr 2.57 312 4.04 4.84 6.06 7.14 8.35 9.73 11.8 13.7
(2.34-2.89) | (2.83-3.50) || (3.66-4,52) || {4.37-5.40) | {5.43-6.74) || (6.35-7.90) || (7.37-8.21) | (8.50-10.7) (10.2-.13_.0) {11.6-15.0)
2.da 2.99 3.63 4,68 5.58 6.96 8.16 9.49 11.0 13.3 15.2
Y |l zro-339) | 3.20-4.04) || (4.24-5.21) || (5.04-5.21) | _(6.24-7.70) || (7.27-9.00) || (8.38-10.5) || (9.62-12.1) || (114-14.6) I(13.0-167)
3-da 3.17 3.84 485 5.90 732 8.56 1 9.93 ” 11.5 13.8 15.8
Y (2.88-3.53) | (3.49-4.28) || (4.48-5.50) || (5.32-6.54) | (6.56-8.09) || {7.63-9.43)} || (6.78~10.9) || (10.1-12.6) {11.9-15.1) [1{13.5-17.3)
4-da 3.35 4.06 5.21 6.20 1.67 8.95 104 11.9 14.3 16.3
y (3.05-3.72) || (3.69-4.52) || (4.73-5.79) || (5.61-6.87) | (6.89-8.45) || (8.00-9.87) || (9.18-114) || (10.5-13.1) [i (124-157) [|{14.0-17.9)
7-da 3.90 4,70 5.95 7.00 B.58 9.93 114 13.1 15.5 17.6
Y |l (357-4.28) [ (4.30-5.16) || (5.44-6.53) || (6.39-7.69) || (7.80-9.40) || (8.97-10.0) || {10.2-12.5) || (11.6-14.2) || (13.6-16.8) ||{16.2-18.1)
10-d 4.46 5.36 6.69 7.79 |[ 9.30 10.7 12.2 13.7 16.0 17.8
Y |l (4.11-4.87) || (4.93-5.86) || (6.15-7.30) || (7.15-8.49) || (8.57-10.2) || (8.76-11.7) || (11.0-13.2) || (12.3-14.9) || (14.2-17.3} |[(15.7-184
20-da 6.01 7.16 8.65 ! 9.86 11.6 12.9 14.3 H 15.8 17.9 19.5
Y (5.50-649) || (6.65-7.73) || (B.04-9.33 (8.15-10. 6) (160.7-12.4) || (11.9-13.9) || (13.2-15.4) || (14.5-17.0} || (16.2-18.2) || (17.6-21.0)
30-da 7.39 B.74 104 13.6 15.0 16.5 18.0 20.0 21.6
Y (6.89-7.92) | (8.17-9.38) || (8.71-11.2) I (10. 9 12 8y || (12.6-14.5) |{ (13.9-16.0) || (15.2-17.8) || (16.6-19.2) || (18.3-21.4) |[(19.7-23.1}
45-da 9.29 1.0 12.8 14.3 16.1 17.6 19.0 204 221 23.5
Y || (8.72-0.86) || (10.3-11.6) || (12.0-13.6) §| (134-15.1) [| (15.1-17.4) || (16.4-18.6) || (17.7-20.1) | (18.8-21.6) || (20.5-23.5) || (21.7-25.0}
60-da 11.0 13.0 15.0 16.5 18.5 19.9 21.3 226 24,2 25.4
¥l (oa-11.7) || (12.2-13.7) || (44.1-15.9) || (16.6-17.4) || (17.4-19.5) || (18.2-21.0) || (19.9-22.5) || (21.1-23.9) || {22.6-25.7) || (23.6-26.9)
' Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS}.
Numbers in parenthesis are PF estimates at lower and upper bounds of the 0% confidence interval. The probability that precipitation frequency estimates (fora
given duration and average recurrence interval) will be greater than the upper bound {or less than the lower bound} is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation {PMP) estimates and may be higher than currently valid PMP values.
Pleage refer to NOAA Attas 14 document for more information.

Backto Top

PF graphical

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=38.5352&lon=-77.2816&data=...
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Large scale terrain

Large scale map

Large scale aerial

Back o Top

U$§ Department of Commerce
National Qceanic and Almoespheric Administration
National Weather Service
Office of Hydrologic Development
1325 East Wesl Highway
Silver Spring, MD 20910
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SUBJECT POSSUM POINT CCR POND CLOSURES

SITE HYDROLOGIC ANALYSES
BY SCHELAB DATE_06/28/2015 _ PROJ. NO.C150132.00
CHKD. BY BERKEME DATE_07/9/2015 gal consultanis

ATTACHMENT 5

PMP EVALUATION

Z\Energy\2015:0150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Site Hydrology
Calcations\Site Hydrology.docx
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SUBJECT DOMINION — POSSUM POINT CCR POND CLOSURES 90 of 140

PMP PRECIPITATION DISTRIBUTIONS

BY SCHELAB DATE 03/3(/2015 PROJ. NO. C150132.00

aal consultants
CHKD. BY BERKEME DATE__8/7/2015 SHEET NO. 1 OF 8 N

INTRODUCTION

The three inactive CCR impoundments that previously supported the Possum
Point Generating Station are regulated as dams by the Virginia Department of
Conservation and Recreation (DCR). Using National Oceanic and Atmospheric
Administration/National Weather Service documents, this calculation will
determine the Probable Maximum Precipitation {(PMP) at the site for a variety of
storm durations. Due to the proximity of the ponds, the identified PMP wiil be
applicable to all three Ponds.

PRECIPITATION

The National Weather Service’s Hydrometeorological Report No. 51 (HMR-51),
“Probable Maximum Precipitation Estimates, United States East of the 105
Meridian” contains charts that show the PMP for watersheds of various sizes and
for various durations. The charts for the PMP for a 10-square mile watershed are
attached on the next 3 pages, and they show the PMP for a 6-hour, 12-hour, 24-
hour, 48-hour, and 72-hour storm.

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H &
H\PMP Evaluation\PMP precipitation.doc
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SUBJECT DOMINION — POSSUM POINT CCR POND CLOSURES

PMP PRECIPITATION DISTRIBUTIONS
BY SCHELAB DATE 03/30/2015 PROJ. NO. €150132.00
gal consultants
SHEET NO. 2 OF 6

CHKD. BY BERKEME DATE__8/7/2015
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Figuez 19.--All-peason PMP (in.) for 12 hn 10 mi® (26 k"),

ZA\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H &

H\PMP Evaluatiom\PMP precipitation.doc
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SUBJECT DOMINION — POSSUM POINT CCR POND CLOSURES

PMP PRECIPITATION DISTRIBUTIONS
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Piguve 20.--All-scason BME (in.) for 24 hn 10 mi® (26 k).
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Figure 21,--All-peason PMP (in.} for 48 hr 10 m® (26 lor®).
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H\PMP Evaluation\PMP precipitation.doc

Z:\

907



SUBJECT DOMINION — POSSUM POINT CCR POND CLOSURES 99 of 140
PMP PREGIPITATION DISTRIBUTIONS

BY SCHELAB DATE 03/30/2015 PROJ. NO. C150132.00

gal consultants

lews

CHKD. BY BERKEME DATE_ 8/7/2015 SHEET NO. 4 OF

Figure 28.~-All-seagon PMP {in.} for 72 hr 12 mz'.g (26 kmg).

From the above charts, the PMP for a 10 square mile watershed can be
summarized as:

6-hour PMP 27.8 inches
12-hour PMP 32.8 inches
24-hour PMP 36.7 inches
48-hocur PMP 40.8 inches
72-hour PMP 42 .0 inches

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H &
H\PMP Evaluation\PMP precipitation.doc
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130 of 140

SUBJECT DOMINION — POSSUM POINT CCR POND CLOSURES
PMP PRECIPITATION DISTRIBUTIONS

BY SCHELAB DATE 03/30/2015 PRGCJ. NO. €150132.00

gal consultants

CHKD. BY BERKEME DATE_ 8/7/2015 SHEET NO. 5 OF &
PRECIPITATION continued

To perform hydrologic assessments of the PMP event, it is necessary to develop
a rainfall mass curve for time intervals less than the 6-hour storm documented
previously.

The 1973 edition of “Design of Small Dams” (U.S. Bureau of Reclamation)
contains the following chart to distribute precipitation for a 6-hour event. As
noted, Zone C is appropriate for areas east of the 105° meridian, which is the
Mountain time zone longitude near Pike's Peak in the Rocky Mountains. The
Possum Point site is east of this location, so the use of Zone C is appropriate.
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Figure 16. Distribution ef &-hour rainfall for orey west of 105°
wmoridian. See figere 17 Jor oreo included within emeh rone.

-0 -27 58,
Ratio to 6-hour PMP
Time amount {inches)
15 minutes 0.15 4.2
1 hour 0.48 13.3
2 hours .65 18.1
3 hours 0.75 20.9
6 hours 1.00 27.8
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SUBJECT DOMINION — POSSUM POINT CCR POND CLOSURES

PMP PRECIP|TATION DISTRIBUTIONS

BY SCHELAB DATE 03/30/2015

CHKD. BY BERKEME DATE_ 8/7/2015

The 12-hour and 24-hour PMP precipitation distributions are extensions of the 6-

hour distribution, as follows:

PROJ. NO. £150132.00

SHEET NO. 6

OF

Rainfall PMP
Duration (inches
15 minutes 4.2
1 hour 13.3
2 hours 18.1
3 hours 20.9
6 hours 27.8
12 hours 32.8
24 hours 36.7

STORM DESIGN DURATION

The Virginia Dam Safety regulations state that the 6-, 12-, and 24-hour design
storms must be evaluated and the largest peak outfiow used for dam design.

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERINGIH &

H\PMP Evaluatiom\PMP precipitation.doc
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SUBJECT _POSSUM POINT CCR POND CLOSURES

SITE HYDROLOGIC ANALYSES
BY SCHELAB DATE_06/28/2015 PROJ. NC.C150132.00

CHKD. BY BERKEME DATE 0Q7/9/20156 gat consuitants

ATTACHMENT 6

HEC-HMS INPUT

ZAEnerg\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Site Hydralogy
Calcations\Site Hydrology.docx
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NOTE: IN THIS CONDITION, POND D WHATER 1S NOT
PERMITTED TO DRAIN INTO POND E. ALL DRAINAGE
UPSLOPE OF J-3 WILL BE COLLECTED AND PUMPED TO
A PERMITTED QUTFALL.
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HEC-HMS MODEL INPUT
SUMMARY
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NOTE: IN THIS CONDITICN, IT {5 ASSUMED THAT
DRAINAGE AREAS IN POND E HAVE ESTABLISHED
VEGETATION. POND D IS IN A DISTURBED STATE.

DURING CONSTRUCTION (E&S)
CONDITIONS

PONDS D AND E

HEC-HMS MGDEL INPUT
SUMMARY
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EXISTING POND D
Elevation Area Curve

(Developed from Bathymetric Survey)

g2 Paired pata| Table | Graph|
Elevation {FT} Area {AC)

87.004 0.34004

88.008 0.13000

30.000 0.38000

92.000 §.83400

94,000 11.78000

96.000 15.36000

98.0G00 21.35060
140,640 2487000
102,004 28.46004
104,008 30.36004
106,000 34.62000
108.000 38.044800
110.000 42,88000
il2.000 42.88000
114.600 45,30000
116.0400 47.74060
118.064 50.72000
120.003 53.850040
122.000 56.69000
124.000 59.26800
126.000 64.80000
128.900 62.1406400
130,000 63.43000
132.600 64.7100C0
134.080 66.03008
136,000 07.37004
138,000 65,85000
140.000 70.45000
142,000 72.26000
144,000 74060400
146.000 76.10030
148,400 78.48000
150,000 8090060

117 of 140

926
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EXISTING POND D
Principal Spillway Rating Curve

(Developed from Reference 3)

&2 paired Data] Table \Graph|

Elevation {FT} . Discharge (CFS}

87.000 0.00000
142.000 0.000c60
142.5M4 5.900e0
143.600 16.60000
143.500 30.44000
144000 43.50008
144.500 61.20000
145.0006 80.20000
145.500 100.90600
146,006 123.80000
146.500 147.30000
147.000 153.30000
147.500 154.060600C
148.000 154.50001
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EXISTING POND E

Elevation

Area Curve

(Developed from Bathymetric Survey)

et { .

Elevation (FT} Area (AC) _
18.000 01.320006
19.0048 0.89000
20.000 1.44000
21.000 2.48004
22.000 3.77000
23.000 4.38000
24.000 6.36000
25.000 7.540a0c
26.000 8.530400
27.004 8.36000
28,000 16150600
29.000 10.9900H0
30.000 11.70000
31.000 12.31000
32.000 12.8%000
33.000 13.46000
34.0600 14.08040
35.000 14.84000
36.000 15.82000
37.000 18.84000
38.000 23.53000
39.000 30.14000
40.000 34.47000
42.000 35.000006
45.000 36.00000

114 of 140
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EXISTING POND E
Principal Spillway Rating Curve

{Developed from Reference 4)

|| Paired Data | Table - Groph]

Elevation (FT)

Discharge (CFS)

£.00000

38.300

38.500 1.72000
38.700 4.86000
38.9060 8.53008
38,100 13.75G00
39,300 19.22000
39,500 25.27000
35,700 31.84000
35.9040 38.90000
46,100 46.42000
40.300 54.360040
40.500 62,72000
40.700 71.46000
40,900 84.58000
41,106 80.05066
41.3G0 99.87000
41.560 110.G2060
41.700 120.50000
41.240 131,28000
42.100 142.37000
42.300 153.75999
42.500 165,42999
42.700 177.350040
42.900 191.67999
43,100 212.82001
43,300 237.89999
43.500 266.03000
43.700 296.76001
43.900 329.810CC
44.100 364.55000
44,3060 402.07001

120 of 140
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REFERENCE 3
Stage Storage Curve for Pond D
TABLE VII-1 Principal Spillway

SERVICE SPILLWAY FLOWRATES

Pond Stage {elev.) Flow rate (cfs)
142.0 {crest of weir) 0
142.5 5.9
143.0 16.6
143.5 30.4
144.0 43.5
144.5 61.2
145.0 80,2
145.5 100.9
146.0 123.8
146.5 147.3
147.0 163.3
147.5 154.0
148.0 154.6
60-MLB-47408-b 26
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Project  Possum Point Ash Pond E (10213068)

Subject  Principal Spillway Rating Curve
Date:
.F| l ename 2 Pt e Cnur S0t A EI8E 02 Shames F re s PO Adk Pang DA D el MRS g 405 iy e CAM OIS ey Dot Aeg - B3 81 Fumt K 20 fea Thact Jugy
Source:
Stage 1 Slage 2 Riser Pipe
[ Lake Level Discharge Discharge Total Discharge Discharge Discharge
Weir Weir Orifice
38.3 0.00 0.00 oco 0.00 0900 607.95
385 1.72 .00 1.72 105.08 1.72 610.21
387 4.86 0.00 486 143 61 488 612.46
38.9 8.93 0.00 893 182 01 8.83 614.71
398.1 13.75 0.00 1375 210.16 13.75 616.94
393 19.22 .00 19.22 234.97 18.22 619.17
39.5 25.27 0.00 2527 257.40 2527 621.39
39.7 31.84 0.GG 3t1.84 278.02 31.84 623.60
239 38.90 0.0 38.90 297.22 38.90 825.81
401 46.42 0.00 46.42 315.25 46.42 £28.00
40.3 54.26 0.00 54.36 332.30 54.36 630.19
40.5 62.72 0.00 62.72 348.52 82.72 632.37
40.7 71.486 0.00 71.46 364.02 71.48 634.58
40.9 80.58 000 80.58 378.88 80.58 636.71
411 90.05 000 90.05 393.18 90.05 638.87
413 99.87 0.00 99.87 405.98 99.87 541.03
41.5 110.02 0900 110.02 420.33 116.02 643.17
41.7 120.50 0.cC 120.50 433.26 120.50 645.31
41.9 131.28 o.00 131.28 445.83 131 28 647 .44
42.1 142.37 .00 142.37 458.04 142.37 649.56
42.3 153 76 0.00 153.76 469.94 153.76 851 68
42.5 165.43 0.00 165.43 481.55 165.43 653.79
427 177.38 000 177 39 492 88 177 39 655 89
42.9 189.62 2.06 191.68 503.96 181.68 657.99
43.1 20212 10.70 212.82 514.80 212 82 660 08
433 214.89 23.02 237.90 525.41 237.90 662.16
435 227.91 38.13 256 03 535.82 266 03 664.24
43.7 241.i8 55.58 296.76 548.02 296.76 666 31
439 254.70 75.11 329.8% 556.04 329.81 668 37
441 268.47 96.48 364.96 565.88 364.96 570.43
44 3 282.48 119.60 402.07 57556 402.07 672.48

Page 4 of b

Pipe / Riser
Discharge

0.00
1.72
4.86
8.83
13.75
19.22
26.27
31.84
38.80
46.42
54.36
g2.72
71.46
80.58
80.05
85 87
110.02
120.50
131.28
142.37
153.76
165.43
177.39
191.68
212.82
237.90
266.03
296.76
329.81
364.96
402.07

Auxiliary Spillway

£ff. Width

Discharge
0.00
0.00
0.60
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
oeo
0.00
0.00
0.00
000
0.00
0.00
0.00
6.0
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00

Schnabel

FMGINFEERRI

Total Discharge

0.00
1.72
4.86
8.93
13.75
19.22
25.27
31.84
38.90
46.42
54 36
62.72
7146
80.58
30.05
99.87
110.02
120.50
131.28
142.37
153.76
165.43
177.39
191.68
212.82
237.90
266.03
296.76
329.81
364.96
402.07
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SUBJECT _POSSUM POINT CCR POND CLOSURES

SITE HYDROLOGIC ANALYSES
BY SCHELAB DATE_06/28/2015 PROJ. NO.C150132.00
CHKD. BY BERKEME DATE_Q7/9/2015 gaiconsultants

ATTACHMENT 7

HEC-HMS OUTPUT

ZAEnergy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\eENGINEERING\H & H\Site Hydrology
Calcations\Site Hydroiogy.docx

932



124 of 140
8/28/2015

Possum Point Power Station CCB Pond Closures
HEC-HMS Output Summaries for Pond ABC

C150132.00

Proiect: Possum Point Closures.  Simulation Run: 2-Year Existing

" Basin Model: . Pond ABC Existing
- Meteorologic Model:  2-yr Storm
Coniral Speciﬁcatinns:(:pntrol 1

Start of Run:  30Mar2015, 00:00
Bnd of Run:  G1Apr2015, 2300
Compute Time: 28Aug2015, 1113418

Show Flements: aii Flements Yokmme Units: 75 IN &) i Sorting: H f.QlP.Qi.‘V?V
Hydrologic Drainage Area | Peak Discharge | _"'ﬁme_ ofF‘ea'k . - Yolume
Element ML) {CFS} C {8CFT)
. JABC Drainage Area 0,0570312 7.0 30Mar2015, 12:06 0.9
Duantico Creek 0.0570312 7.8 30Mar2015, 12:06 0.9

Project; Possum Point Closures  Simulation Rus: 10-Year Existing

Basin Model: Pond ABC Existing
Meteorologic Model:  10-yr Storm
Cantrol Spedfications: Control 1

Start of Run:  30Mar2015, 00:00
Endof Run:  01Apr2015, 2200
Compute Time: 28Aug2015, 11:35:05

Sorting: Hydxolog;c v

Show Elements: | 5 nts |

Hydrologic Drainage Area | Peak Discharge Time of Peak Yolume
Element {12} {CF5) {AC-FT)
ABC Drainage Areé G.0570312 43,3 30Mar2415, 12:035 31
Quantico Creek 3.0570312 43.3 30Mar 2615, 12:03 31

Project: Possum Paint Closures  Simudation Run: 1006-Year Existing

Basin Model: Pond ABC Existing
Meteorologic Model:  100-yr Storm
‘Control Spedfications:Control 1

Start of Run:  30Mar2015, 00:00
Endof Run:  1Apr2015, 23:00
Compute Time: 28Aug2015, 11:36:57

Show Elements: HFFEEements . VYolume Units: &% IN @ " Sorting:
‘ Hydrologic Drainage Area | Peak Dischar'ge.  TmeofPesk | volume
Element {M12) {CFS) (ACFT)
ABC Drainage Ares 0.0570312 156.2 30Mar2015, 12:02 9.8
Quantico Creek D.0570312 156.2 30Mar2015, 12:02 g.9

Z:\Energy\2015\C150132.00 - DOM - Passum Point PS CCB\Working Docs\ENGINEERING\H & H\Site Hydrology Calcations\HMS_OUTPUT_Pand

ABC.docx
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125 of 140
C150132.00 Possum Point Power Station CCB Pond Closures 8/28/2015
HEC-HMS Qutput Summaries for Pond ABC

Project: Possum Point Closures  Simulation Run: 2-Year Final

. StartofRunt 30Mar2D1i5, 66:00 Basin Model: Pond ABC Final Condition
CEnd ofRun:  01Apr2915, 23:00 Meteorologic Model:  2-yr Storm
Compute Time: 28Aug2015, 11:39:33 Conirol Spedifications: Confral 1

" Show Elements: fi Floments | Yolume Units: Sarting ;\Hydroiogic
Hydrologic Drainage Area | Pesak Discharge Time of Peak Valume -
Element {MIZ) {CFS) S {acFT)

Drainage Area & 0.003658 0.8 Z0Mar2015, 12:02 0.1
Cubvert 8-1 0.013257 0.7 30Mar2015, 12:07 0.1
- |Channel B-1 0.013267 0.7 30Mar2015, 12:07 0.1
|CulvertB-2 0.003145 0.3 30Mar2015, 12:02 0.0
Channel B-2 0.003146 0.3 30Mar2015, 12:02 0.0
\Basin B Direct Drainage 01.012377 2.5 30Mar2015, 12:01 0.2
‘IChannel B-3 0.028730 3.3 30Mar2015, 12:01 0.4
1B Outlet 0.032428 4.1 A0Mar2015, 12:01 0.5
S {Junction-1 0.032428 4.1 30Mar2015, 12:01 0.5
- Junction-2 0.023730 3.3 30Mar2015, 12:01 0.4
Junction-3 0.0244552 3.0 30Mar2015, 12:01 0.3
" 1C-1 Upslope 0.009289 0.1 30Mar2015, 12:19 0.1
C-1Direct {.0046875 1.0 30Mar2015, 12:01 0.1
" iChannel C-1 0.0139385 1.0 30Mar2015, 12:01 0.1
C-2 Upslope 0.0039062 0.7 30Mar2015, 12:03 0.1
C|C-2 Direct 0.0065625 1.4 30Mar2015, 12:01 0.1
Channel C-2 §.0104687 2.0 30Mar2015, 12:01 0.2
Channel C-3 0.0244552 3.0 30Mar2015, 12:01 Q.3
|C Outlet 1.0244552 3.0 30Mar201s, 12:01 0.3

Z:\Energy\2015\C150132.00 - DOM - Possum Point S CCB\Working Docs\ENGINEERING\H & H\Site Hydrology Calcations\HMS_OUTPUT_Pond
ABC.docx
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€150132.00 Possum Point Power Station CCB Pond Closures 8/28/2015
HEC-HMS Output Summaries for Pond ABC

Project: Possum Point Closures  Simulation Run: 10-Year Final

Start of Rum:  30Mar2015, 00:00 Basin Model: Fond ABC Finat Condition
End of Run:  01Apr2015, 23:00 Meteorologic Model:  10-yr Storm
Compute Time: 284ug2015, 11:41:06 Control Spedfications:Control §

[

Show Elements: ; &4 ents - Volume Units: % IN 5
Hydrologic Drainage Area | Peak Discharge { - Time of Peak “F.volume
Element {MIZ) ; {CFs}) R : " {ACFT)

Drainage Area A 0.003593 3.8 A0Mar2015, 12:00 0.2
- -|Culvert B-1 0.013207 7.7 30Mar2015, 12:04 0.6
'|channel B-1 0.013207 7.7 30Mar2iis, 12:04 0.6
“iCulvertB-2 0.003146 2.8 30Mar2015, 11:59 0.2
- {Channel B-2 0.003146 2.6 30MarZ0is, 1159 0.2
" |Basin B Direct Drainage 0,012377 129 30Mar2is, 11:38 0.7
Channel B-3 0,028730 213 30Mar201s, 12:00 1.5
B Outlet 0.032423 25.1 36Mardg 15, 12:00 1.7
Junction-1 0.032428 25.1 30Mar2015, 12:00 1.7
Junction-2 0028730 21.3 30Mar2015, 12:00 1.5
Junction-3 0.0244552 9.1 30Mar2015, 12:00 1.2
C-1 Upslope 0.00929% 4.5 30Mar2615, 12:02 0.3
C-1Direct 0.,0046875 4.9 30Mar2015, 11:58 0.3
Channel C-1 0.8139885 8.9 30Mar2015, 12:00 0.6
C-2 Upslope 0,03039082 3.8 30Mar2015, 12:01 0.2
C-2 Direct (.0065625 6.8 30Mar2015, 11:58 0.4
Channel C-2 0.0104687 10.3 30Mar2015, 11:59 0.6
Channel C-3 0.8244552 19,1 30Mar2015, 12:00 1.2
C Outlet 0.532449552 19,1 30Mar2015, 1:2:00 1.2
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127 of 140
C150132.00 Possum Point Power Station CCB Pond Closures 8/28/2015
HEC-HMS Output Summaries for Pond ABC

Project: Possum Point Clogures Siwdlation Rum: 100-Year Final

" Start of Run:  30Mar2015, 00:00 "Basin Model: Pond ABC Final Condition
End of Rurm:  01Apr2Gi5, 22:00 Meteoralogic Model:  100-yr Storm
Compute Time:28A0g2015, 1143114 Control Specifications: Control 1

Show Elements: z«ﬁ E%:m&u yolume Units: &% IN @ ACFT " Sorting: H&"dl‘OiDQ .

Hydrologic Drainage Area i Peak Discharge |* - Time of Peak Yolume
Element MI2) {CFS) ' : {ACFT)
Drainage Area & £.003598 12,4 30Marz01s, 11:59 0.7
Culvert B-1 0.013207 3.8 30Mar 2015, 12:03 2.1
Channel B-1 0.013207 32.8 30MarZais, 12:03 21
Culvert B-2 0.003146 9.8 30Mar2015, 11:58 .5
Channel B-2 0.003146 9.8 30Mar2015, 11:58 0.5
Basin B Direct Drainage 0.012377 43.2 30Mar2015, 11:57 2.2
Channel B-3 £.028730 7.7 30Mar2015, 11:55 4.8
5 Qutist 3.032428 92,1 30Mar2015, 11:58 5.5
Junction-1 3.(332428 92.1 30Mar2015, 11:59 5.5
Junciion-2 0028730 2.7 30Mar2015, 11:59 4.8
Junction-3 (1,0244552 7.7 30Mar2015, 11:59 4.0
-1 Upslope (0.005299 219 30Mar2915, 12:00 1.3
(-1 Direct 0,0045875 16.4 30Mar22is, 11.57 0.8
Chisnnel C-1 ,0139865 37.3 30Mar2015, 11:59 2.1
C-2 Upslope 0.003%062 12.4 30Mar2015, 12:00 0.7
(-2 Direct ).0065625 22,9 30Mar2015, 11:57 L2
Channel C-2 0.0104637 34,7 30Mar201s, 1153 1.5
Channel C-3 (1.0244552 717 30Mar?o1s, 1159 4.0
C Outlet §.02449552 7.7 30Mar2015, 11;55 4.6
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128 of 140
C150132.00 Possum Point Power Station CCB Pond Closures 8/28/2015
HEC-HMS Qutput Summaries for Pond ABC

Praject: Possum Point Closures  ~ Simulstion Run: 25-Year £85

Startof Run: 30Mar2015, 00:00 Basin Modelh: Pond ABC E85
End of Run:  01Apr2015, 23:00 - Meteorgiogic Model:  25-yr Storm
Compute Time; 26Aug2015, 07:39:17 . - - Confrel Spedfications:Contral §

Volume Units: 73 1N @ ACFT  Sorting: Hydrologic, .

Show Elements: | Al E

ements

Hydrologic Drainage Area | Pesk Discharge “Time of Peak Volume
Element ™I : {CFs) {AC-FT}
Drainage Area A 0.003693 13.9 30Mar2015, 11:59 0.8
Cubvert B-1 0.013207 15.1 30Mar2015, 12:03 1.0
Channel B-1 0,013207 15.1 30Mar2015, 12:03 1.0
Culvert B-2 0.003146 7.2 30Mar2015, 11:58 0.4
Channel B-2 0.002146 7.2 30Mar2015, 11:58 0.4
Basin B Direct 0.012377 47.5 30Mar 2015, 11:57 2.5
Channel B-3 0.028730C 65.0 30Mar2015, 11:58 3.9
Sed Basin B 0.032428 4.9 30Mar2015, 12:47 4.3
B Principal 0.032428 4.9 30Mar2015, 12:47 43
B Emergency .4 1.7 J0Mar 2015, 12:47 0.4
C-1 Upslope 0.05825% 9.7 30Mar2015, 12:01 3.6
C-1 Direct 0.0G48875 19.2 30Mar2015, 11:57 1.G
-2 Upslope (,04639062 5.4 30Mar2015, 12:40 0.4
C-2 Direct 0.0065625 26.9 30Mar2nis, 11:57 1.4
Channel C-1 0. 139865 27.3 30Mar2015, 11:58 1.6
Channel C-2 4.01049687 32.4 IMar2015, 1157 1.8
Channel C-3 {1.3244552 59,8 3oMar2015, 11158 .5
Serd Pond C £$.0244552 4.8 30Mpr2a1s, 12132 3.3
C Principal 3.0244552 4.5 30Mar2015, 12132 3.3
C Ernergency 0.0 i1 I0Mar 215, 12132 o1
Junchon-1 .028730 &5.0 30Mar 3315, 11158 3.9
Junciion-2 5.0244552 58.8 30Mar23i5, 11158 3.4
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128 of 140
C150132.00 Possum Point Power Station CCB Pond Closures 8/28/2015
HEC-HMS Output Summaries for Pond ABC

Praoject: Possum Point Closures  Simulation Run: 25-year Final

- ‘Startof Rum  30Mar2015, 00:08 Basin Model: Pand ABC Final Condition
End of Ruys  DiApr2ais, 23:00 Meteorologic Model:  25-yr Storm
Compute Time: 26Aug2015, 07:41:48 Control Spedfications: Control 1

Show Elements: |All Blements | Volome Units: 69 IM I Sorting:
Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Flement M2 €5y - ¢ {ACFT)

Drainage Area A 0.003893 6.5 30Mar2015, 12:34 0.4
Cllvert B-1 0.013207 15.1 30Mar2015, 12:03 1.8
Char:nel B-1 0.013207 15.1 30Mar 2015, 1203 i8
Culvert B-2 0.003145 4.8 30Mar 215, 11:58 3.3
Channel B-2 0.003146 4.8 30Mar2015, 11:58 0.3
Basin B Direct Drainage 0.012377 22.5 30Mar 20315, 11:58 1.2
Channel B-3 0.028730 39.4 30Mar2tth, 11:59 2.5
5 Outlet 0.032423 45.8 JoMar2015, 11:59 2.9
Junction-1 0.432428 45.8 30Mar2015, 11:59 2.9
Junction-2 0.028730 3.4 30Mar 2015, 11:59 2.5
Junction-3 0.0244552 354 30Mar2015, 11:52 a1
-1 Upslope 0.0689299 a.7 30Mar2015, 12:01 0.6
C-1Direct 0.0045875 2.5 30Mar2015, 11:58 0.4
Channel C-1 $.0139865 17.6 30Mar2015, 12:00 1.1
-2 Upslope .0039062 g, 30Mar2015, 12:00 0.4
(-2 Direct §.0065625 11.9 30Mar2015, 11:58 0.6
Channel C-2 3.0104637 17.9 30Mar2015, 11:59 1.0
Channel C-3 0.0244552 35.4 30Mar2015, 11:59 21
C Cutlet 0.0244552 35.4 30Mar2015, 11:59 2.1
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130 of 140
Possum Point Power Station CCB Pond Closures 8/23/2015

HEC-HMS Output Summaries for Ponds D and E

C150132.00

Project: Possum Point Closures — Simulation Run: 2-yr Storm Pre

Start of Run:  30Mar2015, 00:00
End of Run:  01Apr20135, 23:00
Compute Time:283un2015, §8:36:06

Basin Model: Pond D-E Bxisting
Meteorclogic Madel:  Z-yr Storm
. ‘Control Specifications: Control 1

Shove Elements: | A *Volume Units: 73 IN @1 AC-FT " Sorting:
Hydrologic Drainage A...] Peak Disch... ] . Time of Peak |  Volume
Elemant (MI2) {CFS} R Ty {AGFT)
Pond D Direct 9.11172 1.7 30Mar2015, 12:38 .8
Pond D Water 0.0675460 176.7 30Mar2013, 11:56 10.4
Pond D 0.1792660 0.0 30Mar2015, 00:00 a.0
Pond E Direct Drai...| 0.0578123 1.6 30Mar2015, 12:06 0.5
Pend E Water 0.045125 1181 30Mar2015, 1156 6.9
Metals Diversion B 0.0345312 0.1 30Mar2015, 19:04 0.1
Metals Diversion C 0.0073438 1.6 30Mar2015, 12:02 0.1
Metals Diversion A 0.0017188 0.8 30Mar2015, 12:00 0.0
Fond £ 0.3257973 2.4 30Mar2(315, 18:49 6.1
Cutfall 805 0.3257973 2.0 30Marz2(15, 18:49 6.1

Project: Possum Point Closures  Simulation Run: 16-yr Storm Pre

Start of Run:  20Mar2015, 00:00
End of Run:  0lApr2615, 23:00
Compute Time:29Jun2015, 08:37:03

Basin Madei: Pond D-E Existing
Meteorclogic Model:  10-yr Storm
Control Specifications:Controf 1

Volume Units: ) I @ Sorting:  Hydrologic ¥

Shows Elements: | 4l Elements

Hydrolegic Drainage A...| Peak Disch...] Time of Peak . Volume

Elemeant {MI2} {CFS} {AC-FT)
Pond b Direct 011172 358.0 36Mar2015, 12:48 4.1
Pond D Water 0.0675460 276.3 306Mar2015, 11:56 16.6
Pond D (.17926560 0.0 30Mar2015, 00:40 0.
Pond E Direct Drai...| 0.0578125 30.3 30Mar2015, 12:62 2.3
Fond E Water 0.043125 184.6 30Mar2015, 11:56 i1.1
Metals Diversion B 00345312 4.7 30Marzils, 12:069 0.7
Metals Diversion C G.0073438 7.5 30Mar2015, 12:00 0.4
Metals Diversion A 0.0017188 2.2 30Marz20135, 11:58 0.1
Pand £ (0.3257973 4.7 30Mar2015, 17:47 12.1
Qutfali 065 (.3257973 4.7 30Marz2015, 17:47 12.1
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131 of 140
€150132.00 Possum Paint Power Station CCB Pond Closures 8/23/2015
HEC-HMS Output Summaries for Ponds D and £

Project: Possum Paint Closures . Simulation Run: 100-Year Pre

~ Start of Run:  30Mar2015, 00:00 - Basin Modei: Pond D-E Exdsting
End of Run: ~81Apr2015, 23:00 Meteorclogic Model:  100-yr Storm
Compute Time:283un2015, 08:46:38 -Cortro} Specifications:Control 1

Shaow Elements: | Yolume Units: (7 IN (@) Serting: Hydrologic.
. Hydralagic Drainage A...| Peak Disch... | Time of Peak - |  Volume
Element (M1z)y 1 {CFs)y o - {AC-FT)
Pond D Direct 0.11172 169.3 30Mar2015, 12:06 15.4
Pond D Water 0.0675460 478.6 30Mar2015, 11:56 29.2
Pond D 3.1792860 0.0 30Mar2015, 00:60 0.0
Pond E Direct Drai...] 0.0578125 139.3 30Marz2015, 12:01 8.3
Fond E Water 0.045125 319.7 30Mar2015, 11:56 14.5
Metals Diversion B 0.0345312 45.0 30Mar2015, 12:406 3.3
Metals Diversion C N.0073438 24.7 30Mar2015, 11:59 1.4
Metals Diversion A 0.0017188 0.6 30Mar2015, 11:57 0.3
Pond E 0.3257973 13.8 30Mar2015, 15:54 29.1
Outfall 805 0.3237973 13.8 A0Mar2a1s, 1554 20.1
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132 of 140
C150132.00 Possum Point Power Station CCB Pond Closures 8/23/2015
HEC-HMS Output Summaries for Ponds D and E

Project; Ponds Dand B Simulation Run: 2-Year Post

Startof Rum  30Mar2015, 00;00 Bazin Model: Pond D-E Post Revised
End of Run:  0lApr2015, 23:00 Metearologic Model:  2-yr Storm
Compute Time:234ug2015, 10:15:48 | Control Specifications:Contral 1

Veolume Unitst 79 IN

Show Elements: i&ilEEiments - Sorting: Hyd io_

i

" Hydrologic Drainage Area | Peak Discharge Time of Peak Yolume
_ Element ) v I {CFs) (ACFT)
Channel D-1 2,0685938 4.5 INMar 215, 12:15 0.9
Chaninel D-2 4,0367188 4.2 30Mar 2015, 12:10 0.6
Channel D-3 0.0495312 5.6 30Mar2015, 12:07 0.8
Chanrel D48 0.0954688 11,9 30Mar2015, 12:08 1.6
Channel D-498 Direct ... 1,0092133 1.4 30Mar2015, 1205 0.2
Chanrel D-44 0,1920732 19.1 I0Mar2015, 12:09 3.6
Channel D-44 Direct ... 0.0280156 3.7 30Mar2015, 12:07 L5
Channel E-1 (0,2145110 223 I0Mar2015, 12:07 3.5
£-1 Direct Drainage 0.0187344 5.5 30Mar2015, 12:02 0.4
Channel E-2 0.0879462 3.7 30Mar2015, 12:10 0.9
E-2 Direct Brainage 0.019813 18 30Mar2015, 12:10 0.3
Channe} £-3 0.0373755 4.2 30Mar2015, 12:12 0.7
E-3 Diract Drainage 0.G25813 3.9 30Mar2015, 12:11 0.5
Channel E-4 0.005625 0.6 30Mar2n1s, 12:02 01
Channel E-5 .6059375 0.5 20Mar 2415, 12:01 0.1
Channel E-6 4.0153122 0.8 A0Mar2015, 12:03 0.1
Channel E-6 Direct Dr... 5.0135837 0.4 30Mar2015, 1205 0.1
Metals Diversion A 9,0017185 0.6 IMarz0is, 12:08 0.0
Metals Diversion B 1,0528210 1.7 30Mar 2015, 12:11 .5
Metalz Diversion € 0,0037984 0.9 30Mar 2015, 12:60 8.1
autfall 0,3472717 0.7 30Mar2015, 12:08 5.2
Outlet Channel Direct 0.007339 0.5 30Mar2015, 12:12 0.1
1-1 0.09545388 11.5 30Mar2015, 12:08 1.6
J1-2 0.1920732 121 30Mar 2015, 12:09 2.0
1-3 0.2146110 23.3 30Mar 20315, 12:07 3.5
14 0.0153122 0.8 30Mar2015, 12:03 0.1
3-5 0.08794952 3.7 30Mar2015, 12:10 0.9
36 0,0373755 4.3 30Mar2015, 12:12 0.7

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & H\Site Hydrology Caleations\HMS_CUTPUT_Pond
D-E.docx

941



€150132.00

" Start of Run:
End of Run;

Show Elements: | all Elements « |

Project: PondsDand E

30Mar2015, 00:00
Q1Apr2015, 23:00
Compute Time: 234092015, 10:19:45

" Basin Modeh
- Meteorologic Maodek:
- Control Specifications:Control 1

Yolume Units; 7%

Possum Point Power Station CCB Pond Closures
HEC-HMS Output Summaries for Ponds D and E

Simulation Run: 10-Year Post

Pond D-E Post Revised
10-yr Storm

Sorting: Hydrcloglc v

Hydrologic Drainage Area | PeakDischarge | Time of Peak Yolume
Element (M2 CEsy E {ACFT)
Channel D-1 0.0685%38 338 30Mar2015, 12:11 3.5
Channel D-2 4.3367188 24.4 30Mar2015, 12:07 2.1
Channel 0-3 3.0495312 3741 30Mar 2015, 12:05 2.9
Channel D-48 0.0954653 57.8 30Mar2015, 12:058 5.5
Channel D-96 Direct ... 0,0052188 7.8 30Mar2015, 12:03 0.5
Channel D-44 0,1920732 117.8 30Mar201s, 12:06 10.6
Chennel D-44 Direct .., 0.0280156 210 30Mar2015, 12:05 1.6
Channel E-1 0,2146110 133.7 30Mar2015, 12:05 i2.1
E-1Direct Drainage 0.0187344 218 30Mar2015, 12:00 1.3
Channel E-2 0,0879482 42,5 30Mar2o1s, 12:05 3.9
E-2 Direct Drainage G.019813 11.8 30Mar2015, 12:07 1.0
Channel E-3 3.0373755 21.9 I0Mar2015, 12:03 2.2
E-3 Direct Drainage 0.025813 18,4 J0oMar 2015, 12:02 1.7
Channel E-3 0.005525 4.7 Jokar2015, 11:59 0.3
Charnet E-5 0.0059375 5.3 FMar2015, 11:59 0.3
Channel E-6 00153122 9.6 F0Mar2015, 12:01 Q.6
Channel E-6 Direct Or... 0.0135937 7.7 A0Mar2015, 12:401 0.5
Metals Diversion A 0,0017135 2.2 30Mar2015, 11:58 0.1
tetals Diversion B 0.0523210 24.3 30Mar2015, 12:08 2.2
tietals Diversion C 0,0037534 4.2 30Mar201s, 1158 0.2
outfall 0.,3472717 202.2 30Mar20 15, 12:05 8.7
Outlet Channel Direct 04.007339 4.9 Mar2515, 12:09 0.4
J-1 (4.0954688 67.8 30Mar2015, 12:05 5.5
3-2 0.1520782 117.8 JMar2015, 12:06 1.6
3-3 0.2146110 133.7 30Mar 2015, 12:05 12,1
3-4 0.0153122 9.8 30Mar201h, 12:01 0.6
J-5 0.0873452 2.5 30Mar2015, 12:05 3.9
J-6 00373755 215 30Mar2015, 12:03 2.2

133 of 140

8/23/2015
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€150132.00

Start of Run:
End of Rum:

Project: Ponds D and E

30Mar2015, 00:00
01Apr2015, 23:00

Basin Model;

Meteorologic Model:
Compute Time: 23Aug2015, 10:19:47 | Conirol Spedfications: Control 1

Possum Point Power Station CCB Pond Closures
HEC-HMS Output Summaries for Ponds D and E

Simulation fin: 100-Year Post

Pond D-E Post Revised

100-yr Storm

134 of 140

8/23/2015

Show Elements: | 4 Eleme: | Volume Units: @
Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element R () ) {CF3) ' (ACFT)

Channel D-1 0.0685338 132.7 30Mar2g15, 12:09 115
Channel D-2 0.0367133 36.9 30Mar2015, 12:06 6.6
Channel D-3 0.0495312 130.1 30Mar2015, 12:04 2.9
Channet D-38 0.0954638 2387 A0Mar2015, 12:04 14,1
Channet D-48 Direct ... 0.0092133 28,2 30Mar2015, 12:02 1.7
Channel D-34 0.1326732 433.0 30Mar2015, 12:05 33.7
Channel D-44 Direct ... G.0286156 73.6 30Mar2015, 12:04 5.0
Channel E-1 §.2146110 436.3 30Mar2015, 12:04 35,1
E-1 Direct Drainage 3.02187344 57.3 30Mar2015, 11:38 3.7
Channel E-2 0.0879452 184.9 30Mar 2015, 12:04 13,5
E-2 Direct Drainage 10.019813 45.6 30Mar2015, 12:05 3.3
Channel E-3 0.0373755 73.0 30Mar2015, 12:02 6,9
£-3 Direct Drainage 0.025813 al1.0 30Marz2015, 12:08 5.0
Channel E-4 0.005625 i7.5 30Mar2015, 11:53 a.s
Channel £-5 1.0059375 19,2 30Mar2015, 11:58 1.0
Channe! £-6 0.0153122 43,7 30Mar2015, 11:59 2.3
Channat E-6 Direct Dr... 0.0135837 34.3 30Mar2015, 12:00 1.9
Metals Diversion A 0.0017185 6.6 20Mar2015, 11:57 0.3
Metals Diversion B 0,0528210 109.7 30Mar2015, 12:05 7.9
Metals Diversion C 4.6037984 13.7 30Mar2015, 11:57 a.7
outfall 3.3472717 Ta2.6 IMar2015, 1264 59.8
Cutlet Channel Direct 0.007339 16.7 30Mar2015, 108 1.4
1-1 0.0954683 239,7 30Marz015, 12:04 171
1-2 0,1920732 433.0 30Mar2015, 12:05 33.7
1-3 0.2146110 456.3 30Mar2015, 12:04 38.1
1-4 0.0153122 40.7 30Mar2015, 11:59 2.3
35 0.0879462 184.9 30Mar2015, 12:04 13.5
36 0.0373755 78,0 30Mar2015, 12:02 6.9

Z\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\R & H\Site Hydrology Calcations\HMS_OUTPUT_Pond

0-E.docx

943



135 of 140
C150132.00 Passum Point Power Station CCB Pond Closures 8/23/2015
HEC-HMS Output Summaries for Ponds D and E

* Project: Ponds D and E Simufstion Run: 25-Year E E&S Revised

Start of Rune 30Mar2015, 900 ‘Basin Model: fond E E&S Revised

End of Rur:  01Apr2015, 23:60 Meteorologic Model;  25-yr Storm

Compute Time: 23Aug2015, 10:1%:54 - Control Spedfications: Contral 1
Show Elements: Hi? Elements oo | wolume Units: 7 IN 4@ ; Sorting: | )

Hydrologic B Drainage Area | Peak Discharge Time of Peak yolume
Element o {MI) {CFS) {ACFT)
iChannal E-1 0.0225328 J2.5 30Mar2015, 11:59 4.0
E-1 Direct Drainage 0.0187359% 55.3 30Mar2015, 11:52 3.6
Channel E-2 B.0879462 1711 30Mar2015, 12:04 i2.1
E-2 Direct Drainage 0.019813 52.5 J0Mar261s, 12:05 3.7
Channel E-3 0.0373755 34.49 30Mar2015, 12:02 7.2
{E-3 Direct Drainage 0.025313 &7.4 30Mar2015, 12:07 5.4

Channel E-4 0.005625 6.7 A0Mar 2015, 11:57 0.9
Channet E-5 0.0055375 18.2 30Mar2015, 11:57 0.9
Channel E-6 0.0153122 18.1 30Mar2015, 12:00 1.1
Channel E-6 Direct Dr... 0.0135937 15.8 30Mar 2015, 12:00 1.0
Cutlet Channel Direct 0,007339 19.2 30Mar2015, 12:07 1.5
Metals Diversion & 0.0017185 3.8 30Mar2015, 11:58 0.2
Metals Diversion B 0.0528210 1536 30Mar2015, 12:04 7.3
tetals Diversion C 0,003798% 7.3 30Mar2015, 11:53 0.4
Sed Pond E-1 0.1551%935 24.5 I0MEr2015, 12:39 21.3
Principal Spitway 0,1551235 24.5 30Mar2015, 12:3% 21,3
Fraergency Spillvay 4.0 26.9 30Mar 3015, 12:39 ER
1-3 0.0225328 F2.5 30Mar2015, 11:59 4.0
3% 0.0153122 18,1 30Mar2015, 12:00 1.1
35 0.0879452 1711 30Mar2015, 12:04 12.1
J-6 0.0373755 g4.0 30Mar 2015, 12:02 7.2
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€150132.00

Show Elements:

- Start of Run:
End of Run:

Compute Time:234ug20115, 10:19:51

I Elements

Possum Point Power Station CCB Pond Closures
HEC-HMS Output Summaries for Ponds D and E

30Mar2015, 00:00

01Apr2015, 23:00

]

Basin Modai:
Meteorologic Model:
Control Specifications: Control 1

Yolume Units: &7 IN

Projert: Ponds Dand E - Simulation Run: 25-Year DE-ERS Revised

Paond [-£ E&S Revisesd -
25-y7 Storm o

" Hydrologic .| Drainage Area | Peak Discharge Time of Peak ~ Yolume

. ‘Element M {CFs) {AC-FT)
[chamnel p-1 0.05685938 119.3 30Mar2015, 12:09 10.1
Chanret D-2 4.0367188 10827 30Mar2015, 12:06 7.7
. Charnel -3 3.0495312 1151 30MarZ015, 12:04 7.8
. |Channel D48 0.03549683 246.0 30Mar2015, 12:04 17.5
{Channel D-<4B Direct ... 0.0092138 32.1 30Marzo15, 12:01 2.0
" iChannel D<A 0.1920732 440.9 30Mar2315, 12:55 33.6
_iChannel D-44 Direct ... 0.0230156 28,4 30Mar2015, 12:03 a.0
Channel E-1 (0.2146110 4723 30Mar2015, 12:04 38.0
- iE~1 Direct Drainage 0.0187344 36.4 30Mar2015, 12:00 2.0
Channel £-2 0,0879462 35.7 30Mar2015, 12:04 6.8
£-2 Direct Drainage 0.015813 22.3 30Mar2015, 12:06 1.7
Channel E-3 0.0373755 39.4 30Mar20 15, 12:02 3.7
E-3 Direct Drainage 0.025813 31,9 30Mar2015, 12:08 2.7
Channel E-4 0.005625 3.7 30Mar2015, 11:58 0.5
Channel E-5 £, 0059375 9.7 20mMar2015, 11:538 0.5
Channel E-& £,0153122 19.1 30Mar2015, 12:00 1.1
Channe! E-6 Direct Dr... 0.0135937 15.5 ZoMarznls, 12:00 1.0
Cutlet Channel [irect 0,007339 8.6 30Mar261s, 12:68 0.7
Metals Diversion A 0,0017185 3.6 20Mar 2015, 11:58 0.2
Metals Diversion 8 0.0523210 50.0 30Mar2iis, 12:06 KR
Metals Diversion C 0.0037934 7.3 30Mar 2015, 11:58 0.4
Sed Pond E-3 0.3472717 28.2 30Mar2015, 12128 28.5
Principal Spillway 3.3472717 23.2 30Mar2015, 12:28 28.5
Emergency Spillvay 0.0 137.8 30Mar2015, 12:28 13.8
1-1 0.0954688 246.0 I0Mar 2015, 12:04 17.5
3-2 0.1926782 440.9 30Mar2015, 12:05 33.6
3-3 0.21451180 472.3 30Mar2015, 12:04 26.0
-4 0.0153122 19,1 30Mar2015, 12:00 i1
3-5 0.0879452 85.7 30Mar2015, 12:049 6.3
-6 04.0373755 358.4 30Mar2015, 12:02 3.7

136 of 140
8/23/2015
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137 of 140
C150132.00 Possum Point Power Station CCB Pond Closures 8/23/2015
HEC-HMS Qutput Summaries for Ponds D and E

Project: Ponds D and £ Simulation Run: 25-year Post Revised

Start of Run:  30Mar2015, 00:00 Bagin Model: Pang D€ Post Revised
End of Run:  01Apr20is, 23:00 Meteorologic Model:  25-vr Storm
Compute Time: 23Aug2015, 10:315:55 Control Specdifications: Contral 1

Show Elements

liElements ~ | Volume Units: 75 IN @) Sorting: ' Hydrologic. v

Hydrologic Drainage Area | Pesk Discharge Time of Peak Yaolume
Flement T ' {CFs) I {ac+T)
Channet D-1 0.B585938 84,1 30Mar2015, 12:10 5.0
Channel D-2 0.0367188 44.0 30Mar2015, 1207 3.5
Channel D-3 0.3455312 86,2 30Mar2015, 12:05 1.7
Channel D98 0.0554088 i21.9 30Marz2015, 1205 9.1
Channel D-9B Direct ... 0.0052188 13.8 30Mar2015, 12:02 0.9
Channel D-4A 0.1920732 216.2 30Mar201s, 12108 17.3
Charine! D-44 Direct ... 0.0280156 37.4 30Mar2015, 12:05 2.7
Channel E-1 0.2346110 243.4 30Mar 2015, 12:05 20.2
E-1 Direct Drainage 00187344 36.4 30Mar20 15, 1208 2.0
Channel £-2 0.0879462 85.7 IMar2015, 12:04 6.8
£-2 Direct Drainage 0.019313 22.3 30Mar2015, 12:06 1.7
Channet £-3 0,0373758 39.4 20Mar215, 12:02 3.7
E-3 Direct Drainage 0,025813 31.8 30Mar2C15, 12:08 2.7
Channel E-4 0.005625 3.7 30Mar2G1s, 11:58 0.5
Channel E-5 0.0059375 9.7 30Mar2315, 1153 0.5
Channel £-6 n0.0153122 15.1 I0Mar 2015, 1200 1.1
Channel E-6 Direct Dr... 0.0135837 15.8 30Mar2G15, 12:00 1.0
Metals Diversion A 0,0017185 3.6 IMar2015, 11:58 0.2
Metals Diversion B 00528210 50.0 30Mar 2015, 12:06 39
Metals Diversion C 0,0037934 7.2 30Mar2015, 11:58 0.4
outfal 0.39472717 375.6 30Marz15, 1404 314
Cutiet Channel Direct 0.00733% 3.6 30Mar2015, 12:08 0.7
3-1 0.0954588 121.9 30Marz2o15, 12:05 9.1
3-Z 0.1920732 216.2 20Mar215, 12:06 17.8
3-3 0.214611D 243.4 30Mar201s, 12:05 0.2
3-4 0.0153122 191 30Mar2Gis, 12:00 1.1
3-5 0.0872452 85.7 30Mar2o1h, 12:04 6.8
38 0.0373755 38.4 30Mar2sis, 1202 37
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138 of 140
C150132.00 Possum Point Power Station CCB Pond Closures 8/23/2015
HEC-HMS Output Summaries for Ponds D and E

Project: Ponds D andE  Simulation Rury: 24-HR PMF

Startof Run:  30Mar 2015, 0000 Basin Model: Pond [ Fost Revised
EndofRun:  01Apr2015, 2300 Meteorclogic Model: 24 Hour PMP
Compute Time: 244ug2015, 08:44:48 Control Spedifications:Control 1

Yolume Units: &5 IN @

Show Elements: ﬁE!ElemEﬁt; Sorting: Hydm]og

. Hydrologic Drainage Area { Peak Discharge Time of Peak Volume
- Element {ML2} {CFS) {ACFT)
._(:ﬁaﬁn&i -1 0.0585538 VERS] 30Mar2015, 12:22 103.4
-iChannsl D-2 0,0367 188 336.3 30Mar 2015, 12:20 56.4
iChannel D-3 0.0455312 do2.6 20Mar2015, 1218 78,1
Charnel D45 0.24954688 835.2 30Mar2015, 12:18 145.6
Channel D-4B Direct ... 0.0092188 87.6 30Mar2015, 12:17 14,2
Channel D-44 0.1520782 1744.3 30Mar2015, 12:19 2931
Channel D-4A Direct ... $.0280156 261.6 30Mar2015, 12:13 43.0
Channel E-3 2.23496110 1955.3 30Mar2015, 12:18 328.5
E-1 Direct Drainage 8.0187344 154.1 30Mar2015, 12:15 29,5
Channel E-2 4.0873462 7986.1 0Mar2015, 12:17 125,5
E-2 Direct Drainage $.019313 181.1 30Mar 2015, 12:15 29.9
Channel E-3 $.0373755 342.3 30Mar2015, 12: 15 57.7
E-3 Direct Drainage §.025313 235.3 30Mar2015, 12:21 40.3
Channel E-% £,005625 54,4 30Mar2015, 12:15 5.4
Channel E-5 $.0059375 57.8 30Mar 2015, 12:15 2.9
Channel E-6 £.0153122 143,89 30Mar2015, 12: 15 224
Channel £-6 Direct Dr... $.0135937 126.8 30Mar 2015, 12:18 i8.7
Metais Diversion A £,0017185 i7.1 30Mar2015, 12:15 2.7
Metals Diversion B 0,0528210 475.0 30Mar2G 15, 12:18 77.2
Metals Diversion C 03,0037934 37.6 30Mar 2015, 12:15 5.8
outfal 3,3472717 3156.2 30Mar2o1s, 12017 527.0
Cuget Channel Direct 3.007339 0&,5 A0Mar 2015, 12:21 11.4
11 0.0954683 B355,2 30Mar2015, 12:18 i46.8
J-2 {,1520782 1744.3 30Mar2Gis, 12:19 2931
1-3 0,2146110 1955.3 30Mar2015, 12:18 328.5
1-4 3.0153122 143.9 30Mar201s, 1218 22.%
J-5 0.0879462 795.1 30Mar231s, 31217 129.5
16 3.03723755 342.3 F0Mar201h, 12116 57.7
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139 of 140
€150132.00 Possum Point Power Station CCB Pond Closures 8/23/2015
HEC-HMS Output Summaries for Ponds D and E

Project: Ponds Dand E - Simulation Run: 12-HR PMF

Starfof Run:  30Mar2015, 00:00 Bagin Model; Pond D-£ Post Revised . -
EndofRun:  01Apr2015, 23:00 Meteorologic Model: 12 Hour PMP -
Compute Time: 284ug2015, 12:04:51 Contred Specifications: Contral 1

Show Slements: | Yolume Units: & I (@) Soréing:
Hydrologic Drainage Area | Peak Discharge Time of Peak
 Bement M2y {CFs) {RCFT) -
Channel B-1 0.0685938 590.3 30Mar2015, 06127 B9.3
“iChannel D-2 00367188 330.3 J0Mar2015, G56:20 438.8
. Channet D-3 0.0495312 454.8 30Mar2015, 56:18 65.8
Channel D-4B 2.0954688 865.9 30Mar2015, 06: 12 126.9
Channel 4B Direct ... 0.00921838 86.3 30Mar2015, 66:17 12.3
" {Channel D-4A 0,1920732 1711.2 30Mar2015s, 06:19 253.4
Channel 0-4A Direct ... 00230158 257.2 30Mar201i5, 46: 18 372
Channel E-1 0.2196110 1918.8 30Mar20135, ba: 18 284.2
E-1Direct Drainage 0.0137344 i81.5 30Mar2nis, 06: 16 25.6
Channel E-2 0.0873462 773.6 30Mar2015, 86:17 iii.s
E-2 Direct Drainage 0.019313 177.5 30Mar2015, 06: 1% 250.8
Channel E-3 0.0373755 338.1 0Mar2015, 4616 50,0
F-3 Direct Drainage 0.025313 2314 30Mar201s, 4621 35.G
Channel -4 0.005625 53.5 30Mar2015, 00115 7.2
Channel E-5 0.0059375 56.9 20Mar2015, 06315 77
Channel E-6 0.01531232 141.2 30Mar2015, D6: 16 19.3
Channel E-& Direct Dr... 0.0135937 1243 30Mar2015, 06116 16.%
Metals Diversion A 0.0017185 17.4 J0Mar2015, 06115 24
Metals Diversion B 0.0525210 4584.5 30Mar201s, 06: 19 66.5
Ietals Diversion C 0.0037984 371 30Mar201s, 05115 51
oLitfall 0.3472717 3093.8 30Mar201s, 06:17 4555
Outlet Channel Direct 0.007339 65,4 I0Mar 015, §6:21 9.9
3-1 0.0954688 8588.9 30Mar 2015, 86118 126.8
3-2 0,1820782 1711.2 30Mar2015, 06119 253.4
3-3 0.2146110 19i8.8 30Mar2015, 46:18 234.2
J-4 0.0153122 141.2 30Mar2015, G6: 16 19.3
J1-5 0.0879462 773.6 J0Mar2015, §6:17 111.5
J-6 mﬁzﬁ 338.1 30Mar 2015, 08116 50.G
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1401 of 140
C150132.00 Possum Point Power Station CCB Pond Closures 8/23/2015
HEC-HMS Qutput Summaries for Ponds D and E

Project: Ponds D and £ Simulation Run: 6-HR PMF

“Startof Run:  30Mar2015, 90:00 Basin Model: Pond D-E PostRevised -~ .
. EndofRum: 01Apr2l15, 23:00 Meteorokegic Model: & Hour PMP - s
Compute Time: 2881029 15, 12:06:07 Control Specifications:Contral 1 -

Show Elements: | Yolume Units: 70 BN (@0 B -Sorting;
Hydrologic | Drainage Area | Peak Discharge | . Time of Peak - 1 “Volume © -
: - Element ' {ME2) {CFS) . COlU{ACETY
“iChannel D-1 4.0685938 568,03 30MardGi5, 03:23 716
Channel D-2 4.0357188 319.3 30Mar2015, 03:20 39.3
Channel D-3 3,03455312 4415 30Mar2015, 03:19 53.0
Channel D96 $.095496838 3440 30Mar2015, 03:19 1021
-iChannel D-4B Direct ... 5.0052188 83.9 30Mar 2015, 03:17 3.9
Channel D-44 $,1520732 1653.9 30Mar2015, 03:20 203.6
Channel D44 Direct ... B.028015 249.7 30Mar 2015, 03:19 29,9
Channel E-1 .2145110 1855.1 30Mar2015, 03:18 228.4
E-1 Direct Drainage: 3.0187344 178.1 30Mar2015, 03:16 20,7
Channel E-2 G.0875402 749.3 30Mar2015, 03:18 89,0
E-2 Direct Drainage 4.019813 171.5 30Mar2015, 03:20 20.7
Channel E-3 0,0323755 325.2 30Mar2015, 03:16 40.2
E-3 Direct Drainage §.025813 224.5 30Mar2015,03:21 28,2
Channel E-4 3.0685625 52.1 30Mar2015, 03:15 5.8
Channel E-5 3.0055375 55.4 30Mar2015, 03:15 6,2
Channel E-& .0153122 136.6 30Mar2015, 03:18 15,3
Channel E-6 Direct Dr... 3.2135957 120.0 30Mar2015, 03:16 13.4
Metals Diversion A G.0017185 16.6 30Mar2015, 03:15 1.9
Metals Diversion B G.0528210 446.6 30Mar2015, 03:19 53.0
~petsls Diversion C G.0837984 36.3 30Mar2015, 03:15 4.1
outfall 0.3472717 2986.9 20Mar3015, 03:18 365.5
Outiet Channel Direct G.0G733% &3.3 30Mar2015, 03:21 7.9
3-1 G.0954688 344.0 30Mar2015,03:19 1021
3-2 0.1920732 1653.8 30Mar2015, 03:20 203.6
13- 0.2145130 1855.1 30Mar2015, 03:18 223.4
3-4 0.0153122 136.6 30Mar2015, 03:16 15.3
3-5 G.0879462 749.3 30Mar2015, 03:18 39.0
-G 00373758 325.2 30Mar2015, 03:16 4).2
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i of 47

SUBJECT _POSSUM POINT CCR POND CLOSURES
CHANNEL DESIGN

BY SCHELAB DATE_06/28/2015 PROJ. NO.C150132.00
CHKD. BY BERKEME DATE _07/31/2015 gaiconsultanis
INTRODUCTION:

Stormwater conveyance channels are used throughout the site to convey
sediment laden water to Erosion and Sediment Controls during construction and
to convey stormwater runoff to receiving waters in the post development (final)
condition. This calculation utilizes flow rates developed in the Site Hydrology
Calculations to size channels and select lining materials to withstand the
anticipated velocities and shear stresses associated with the applicable design
events.

METHODOLOGY:

Channels are designed using an iterative solution to manning’s equation.
Channel slopes are dictated by site grading. Channel shapes and sizes are
selected to achieve the required performance. Roughness coefficients for lining
products are selected using guidance from manufacturers and those provided in
the VA Erosion and Sedimentation Control Handbook.

Design of ACB Channels incorporates a Factor of Safety against failure, as
described in the Design Manual for Articulating Concrete Block Systems,
prepared for the Harris County Flood Control District. This manual is considered
by the Natural Resources Conservation Service to be the state of the art manual
for ACB design.

The following design criteria have been accepted for the project:

e Channels are designed to convey the 25-year, 24-hour design storm
considering both vegetated and un-vegetated conditions.

¢ The Pond D Outlet Channel (D-4A), which conveys flow down the existing
Pond D embankment, is designed for the Probable Maximum Flood (PMF)
flow.

REFERENCES
1. Virginia Erosion and Sedimentation Control Handbook, Virginia
Department of Environmental Quality, 1992.
2. North American Green Erosion Control Product Literature.
3. Design Manual for Articulating Concrete Block Systems, Prepared for the
Harris County Flood Control District, September 2001.

ATTACHMENTS:
1. Channel Design Worksheets

2. Channel Lining Specifications and Guidance Documents
3. ACB Factor of Safety Design Calculations
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2ot 47

SUBJECT _POSSUM POINT CCR POND CLOSURES

CHANNEL DESIGN
BY SCHELAB DATE_06/28/2015 PROJ. NO.C150132.00
CHKD. BY BERKEME DATE_ 07/31/2015 gaiconsultants

ATTACHMENT 1

CHANNEL DESIGN WORKSHEETS
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CHANNEL BESIGN WORKSHEET
Channel Design Data

3of 47

PROJECT NAME: Possum Peint Power Station CCB Pond Closures
LOCATION: Prince Willlam County, Virginia-Channel B1
PREFPARED BY: SCHELAB DATE: 8/23/2015
CHECKED BY: PATTEJR DATE: 8/26/2015
2.00% 2.00% 15.00% 15.00%
CHANNEL OR CHANNEL SECTION Units 81 Bt B1 B1
Temporary or Permanent Permanent Perimanant Permanent Permanent
Design Storm 25-year 25-year 25-year 25-year
ar {REQUIRED GAPACITY) CFS 15 15 15 15
Q (CALCULATED AT FLOW DEPTH d} CFS t§ 15 15 15
North American North Amerlcan
PROTECTIVE LINING Green P Vegetated Green P Vegetated
550 550
n (MANNING'S COEFFICIENT) 06.037 0.053 0.041 0.031
Va (ALLOWABLE VELOCITY) FPS 12.50 25.00 12.50 25.00
V (CALCULATED AT FLOW DEPTH d) FPS 3.58 276 6.75 8.11
T, {MAX ALLOWABLE SHEAR STRESS) LBIFT? 4.00 14.00 4,00 14.00
vs (SHEAR STRESS @ FLOW DEPTH d) LBIFT? 0.87 1.04 3.95 3.4
CHANNEL BOTTOM WIDTH FT 4.00 4.00 4.00 4.00
CHANMNEL SIDE SLOPES (X:1) H:V 3,00 1.00 3.00 3.00
D {TOTAL DEFTH) FT 1.2 1.3 0.9 0.9
CHANNEL TOP WIDTH@ D FT 11.16 12.01 9.53 9.18
d (CALCULATED FLOW DEPTH) FT 0.69 0.34 0.42 0.36
CHANNEL TOP WIDTH @ FLOW DEPTH d FT 8.16 9.01 6.53 6.18
dsp STONE SIZE IN MA NiA N/A N/A
A (CROSS SECTIONAL AREA) SQFT 421 5.43 2,22 1.85
R (HYDRAULIC RADIUS) 0.50 0.59 0.33 0.29
S (BED SLOPE) FTIFT 0.020 0.020 0.150 0.150
Proposed Channel Dimensions & Linings
Base 4.0
Required Depth 1.3
Design Depth 1.5
Z=HV 3.0
Top Width 13.0
Lining North American Green
P 550
Lining Longevity Permanent
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4 gt 47

CHANNEL DESIGN WORKSHEET
Channel Design Data
PROJECT NAME: Possum Point Power Station CCB Pond Closures

LOCATICON: Prince William County, Virginia-Channel B2
PREPARED BY: SCHELAB DATE: 8/23/2015
CHECKED BY: PATTEJR DATE: 8/26/2015
2.00% 2.00% 20.00% 20.00%
CHANNEL OR CGHANNEL SECTION Units B2 B2 B2 B2
Temporary or Permanent Permanent Permanent Permanent Permanent
Design Storm 25-year 25-year 25-year 25-year
Qr (REQUIRED CAPACITY) CFS 7 5 7 5
Q {CALCULATED AT FL.OW DEPTH d) CFS 7 5 7 5
North American North Amerlcan
PROTECTIVE LINING Green P Vegetated Green P Vegetated
550 550
n (MANNING'S COEFFICIENT) 0.041 6.062 a.041 0.035
Va {ALLOWABLE VELQCITY) FPS 12.50 25.00 12,50 25.00
V (CALCULATED AT FLOW DEPTH d) FPS 2.66 1.82 532 5,79
', (MAX ALLOWABLE SHEAR STRESS) LB/FT? 4.00 14.00 4.00 14.00
T, [SHEAR STRESS @ FLOW DEPTH d} LB/FT? 1.60 0.65 3.16 239
CHANNEL BOTTOM WIDTH FT 4.00 4.00 4.00 4.00
CHAMNNEL SIDE SLOPES (X:1) HV 3,00 3.00 3.00 3.00
D (TOTAL DEPTH) ET 10 1.0 8.8 0.7
CHANNEL TOP WIDTH @ D FT 9.90 10.12 8.52 3.15
d {CALCULATED FLOW DEPTH) FT 0.48 0.52 0.25 0.18
CHANNEL TOP WIDTH @ FLOW DEPTH d FT 6.90 712 5.52 5.45
ds, STONE SIZE IN NIA NiA N/A NiA
A (CROSS SECTIONAL AREA} S5QFT 2.63 2.89 1.20 0.88
R (HYDRALLIC RADIUS) 0.37 040 0.21 G147
§ (BED SLOPE) FTIFT 6.020 0.020 0.200 0.200
Proposed Channel Dimensions & Linings
Base 4.0
Required Depth 1.0
Design Depth 1.5
Z=HV 3.0
Top Width 13.0
Lining North American Green
P 550
Lining Lengevity Permanent
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CHANNEL DESIGN WORKSHEET
Channel Design Data
PROJECT NAME: Possum Point Power Station CCB Pond Closures

LOCATICN: Prince William County, Virginia-Channel 83
PREPARED BY: SCHELAB DATE: 8/23/2015
CHECKED BY: PATTEJR DATE: 8/27/2015
1.00% 1.00% 2.00% 2.00%
CHANNEL OR CHANNEL SECTION Units B3 B3 B3 83
Temporary or Permanent Permanent Permanent Permanent Permanent
Design Storm 25-year 25-year 25-year 25-year
Qr (REQUIRED CAPACITY) CFS 65 A6 65 46
 (CALCULATED AT FLOW DEPTH d) CFS G5 46 B5 46
North American North American
PROTECTIVE LINING Green sC Vegetated Green §C] Vegetated
250 250
n (MANNING'S COEFFICIENT) 0.026 0.056 0.028 0.045
Va (ALLOWABLE VELOCITY) FP3 9.50 15.00 9.50 15.00
V (CALCULATED AT FLOW DEPTH d) FPS 5.30 2,76 6.33 4.40
T, [MAX ALLOWABLE SHEAR STRESS) LBIFT? 3.00 10.00 3.00 10,00
T, {SHEAR STRESS @ FLOW DEPTH d} LB/FT* 0.78 0.97 1.38 1.54
CHANNEL BOTTOM WIDTH FT 6.00 6.00 6.00 6.00
CHANNEL SIDE SLOPES {X:1) H:V 3.00 3.00 3,00 2,00
D (TOTAL DEPTH) FT 17 2.1 1.6 1.7
CHANNEE TOP WIDTH @ D FT 16.50 18.36 15.62 12.94
d (CALGULATED FLLOW DEPTH) FT 1.25 1.56 1.10 1.23
CHANNEL TOP WIDTH @ FLOW DEPTH d FT 13.50 15.36 12.62 10.94
dsy STONE SIZE IN NIA NiA N/A NiA
A (CROSS SECTIONAL AREA) SQFT 12,19 16.67 10.27 10.45
R (HYDRALILIC RADIUS) 0.88 1.05 0.78 0.1
5 (BED SLOPE) FTIFT 0.810 0.010 0.020 0.020
Propesed Channel Dimensions & Linings
Base 6.0
Required Depth 21
Design Depth 25
Z=H:V 3.0
Top Width 21.0
Lining North American Green
5C 250
Lining Longevity Permanent
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CHANNEL DESIGN WORKSHEET
Channel Design Data
PRCJECT NAME: Possum Point Power Station CCB Pond Closures

LOCATION: Prince William County, Virginia-Channel C1
PREPARED BY:; SCHELAB DATE: 8/23/2015
CHECKED BY: PATTEJR DATE: 8/26/2015
1.00% 1.00% 8.00% 8.00%
CHANNEL OR CHANNEL SECTION Units C1 c1 €1 - Upslope C1 - Upslope
Temporary or Permanent Parmanent Permanent Permanent Permanent
Design Storm 25-year 25-year 25-year 25-year
Qr (REQUIRED CAPACITY) CFS 27 18 10 10
Q (CALCULATED AT FLOW DEPTH d} CFS 27 18 10 10
North Amerlcan North American
PROTECTIVE LINING Green SC Vegetated Green Vegetated
250 SC 250
n (MANNING'S COEFFICIENTY 0.030 0.063 0,040 0.039
Va (ALLOWABLE VELOCITY} FPS 9.50 15.60 9.50 15.00
V (CALCULATED AT FLOW DEPTH d) FPS 3.80 2.01 4.87 4,93
T, {MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.00 10.00 3.00 10.00
1y [SHEAR STRESS @ FLOW DEPTH d) LB/FT? 0.63 0.74 t.98 1.96
CHANNEL BOTTOM WIDTH FT 4.00 4.00 4.00 4.00
CHANNEL SIDE SLOPES {X:1) H:v 3,00 3.00 3.00 3.00
D (TOTAL DEPTH) FT 1.5 17 0.9 0.9
CHANNEL TOP WIDTH @ D FT 13.06 1412 8.37 9.35
d (CALCULATED FLOW DEPTH) FT 1.0 1.19 0.40 0.39
CHANNEL TOP WIDTH @ FLOW DEPTH d FT 10.06 11.12 6.37 6.35
dgy STONE SIZE IN NIA NiA N/A NIA
A (CROSS SECTIONAL AREA} sSQFY 7.10 8.97 2,05 2.03
R (HYDRAULIC RADIUS) 0.68 0.78 0.32 0.31
S (BED SLOPE) FTIFT 6.010 0.010 0.080 0.080
Proposed Chamel Dimensions & Linings
Base 4.0
Required Depth 1.7
Design Depth 20
Z=HV 3.0
Top Width 16.0
Lining North American Green
8C 250
Lining Longevity Permanent
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CHANNEL DESIGN WORKSHEET

Channel Design Data

7 of 47

PROJECT NAME: Possum Point Power Station CCB Pond Closures
LOCATION: Prince William County, Virginia-Channel C2
PREPARED BY: . SCHELAB DATE: 8/23/2015
CHECKED BY: PATTEJR DATE: 8/27/2015
1.00% 1.00% 20.90% 20.00%
CHANNEL OR CHANNEL SECTION Units c2 c2 C2-Upslope C2-Upslope
Temporary or Permanent Permanent Permanent Permanent Permanant
Desigh Storm 25-year 28-year 25-year 25-year
Qr (REQUIRED CAPACITY) CFs 32 18 6 il
Q (CALCULATED AT FLOW DEPTH d) CF8 3z 18 6 6
. North American
PROTECTIVE LINING? North American Graen| . otated Green Vegetated
SC 250
SC 250
n (MANNING'S COEFFICIENTY 0.0239 0.063 0.040 0.034
Va {ALLOWABLE VELOCITY) FPS 9.50 15.00 9.50 15.00
V (CALCULATED AT FLOW DEPTH d} FPS 412 2.01 5.61 £.30
T, (MAX ALLOWABLE SHEAR STRESS) LBIFT? 3.00 10.00 3,00 10.00
T4 [SHEAR STRESS @ FLOW DEPTH d} LBIET? 0.67 0.74 2.85 2.61
CHANNEL BOTTOM WIDTH ET 4.00 4.00 4.00 4.00
CHANNEL SIDE SLOPES (X:1) H:V 3.00 3.00 3.00 3.00
D {TOTAL DEPTH) FT 1.6 1.7 0.7 0.7
CHANNEL TOP WIDTH @ D FT 13.45 14.12 8.37 8.25
d (CALCULATED FLOW DEPTH) FT 1.08 1.18 0.23 0.21
CHANNEL TOP WIDTH @ FLOW DEPTH d FT 10.45 i1.12 5.37 5.25
dgy STONE SIZE IN N/A N/A NIA N/A
A (CROSS SECTIONAL AREA} SQFT 7.77 8.97 1.07 0.97
R (HYDRAULIC RADIUS) 0.72 0.78 0.20 0.18
S (BED SLOPE)? ETIFT 0.010 0.010 0.200 0.200

Praposed Channel Dimensions & Linings

Base 4.0

Raqguired Depth 1.7

Design Depth 2.0

Z=HV 3.0

Top Width 16.0
Lining North American Green

SC 250
Lining Lengevity Permanent

Z:\Energy\2015\C150132.00 - DOM - Possum Point PS CCB\Working Docs\ENGINEERING\H & HiStormwater\Pond ABC\Pond ABC
Channel Design.xlsx

958



3ol 47

CHANNEL DESIGN WORKSHEET
Channel Design Data

PROJECT NAME: Possum Point Power Staticn CCB Pond Closures

LOCATION: Prince William County, Virginia-Channel C3
PREPARED BY: SCHELAB DATE: 8/23/2015
CHECKED BY: PATTEJR DATE: 8/26/2015
1.00% 1.00%
CHANNEL OR CHANNEL SECTION Units c3 c3
Temporary or Permanent Parmanent Fermanent
Design Storm 25-year 25-year
Qr (REQUIRED GAPAGITY) CFS 35 35
Q [CALCULATED AT FLOW DEPTH d) CFS i5 35
PROTECTIVE LINING? North Ag‘grz'?n“ Green Vegetated
n (MANNING'S C(:!EFFICIENT)z 0.031 0.058
Va {ALLOWABLE VELOCITY) FPS 8.50 15.00
V (CALCULATED AT FEOW DEPTH d} FPS 3.93 2.49
T, {(MAX ALLOWARLE SHEAR STRESS) LB/FT? 3.00 10.00
v, [SHEAR STRESS @ FLOW DEPTH d) LBIFT? 0.62 0.86
CHANNEL BOTTOM WIDTH FT 6.00 6.00
CHANNEL SIDE SLOPES {X:1) H:v 3.00 3.00
D (TOTAL DEPTH) FT 1.5 1.9
CHANNEL TOP WIDTH @ D FT 14.95 17.31
d (CALCULATED FLOW DEPTH) FT 0.99 1.39
CHANNEL TOP WIDTH @ FLOW DEPTH d FT 11.95 14.31
dg; STONE SIZE IN N/A N/A
A {(CROSS SECTIONAL AREA} SQFT 8.91 14.07
R (HYDRAULIC RADIUS) 0.73 6.95
S (BED SLOPE) FTIFT 0.010 0.0%0
Proposed Channel Dimensions & Linings
Base 6.0
Required Depth 1.8
Design Depth 2.0
Z=H:v 3.0
Top Width 18.0
Lining Narth American Green
SC 250
Lining Longevity Permanent
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CHANNEL DESIGN WORKSHEET
Channel Design Data

PROJECT NAME: Possum Point Power Station CCB Pond Closure
LOCATION: Prince William County, Virginia
PREPARED BY: SCHELAB DATE: 8/14/2015
CHECKED BY: PATTEJR DATE: 8/20/2015

2.00% 2.00%
CHANNEL OR CHANNEL SECTION Units Channel B-1 Channel D-1
Temporary or Permanent Permanent Permanent
Gr (REQUIRED CAPACITY) CFS 119.00 £4.00
Q (CALCULATED AT FLOW DEPTH d) CFS 119.00 64,00
PROTECTIVE LINING North Ag’;’;‘;ﬁ" Green Vegetated
n (MANNING'S COEFFIGIENT) 0.028 0.047
Va (ALLOWARLE VELOGITY) FPS 9.50 15.00
V (CALCULATED AT FLOW DEPTH d) FPS 6.66 3.82
v, {MAX ALLOWABLE SHEAR STRESS) LBIFT? 3.00 10.00
1; [SHEAR STRESS @ FLOW DEPTH d) LB/ET? 1.42 1.35
CHANNEL BOTTOM WIDTH FT 10.00 10.00
CHANNEL SIDE SLOPES {X:1} H:V 5.00 5.00
D (TOTAL DEPTH) FT 1.64 1.59
CHANNEL TOP WIDTH @ D FT 26.39 25.85
d (CALCULATED FLOW DEPTH) FT 1.14 1.09
CHANNEL TOP WIDTH @ FLOW DEPTH d FT 21.39 20.85
dgy STONE SIZE IN NIA N/A
A (CROSS SECTIONAL AREA) SQFT 17.88 16.74
R {HYDRAULIC RADIUS) 0.83 0.79
§ (BED S1.OPE) FTIFT 0.020 6.020

Proposed Channel Dimensions & Linings

Base 10.0
Required Depth 1.64
Design Depth 2.0
Z=HV 5.0
Top Width 30.0
Lining 8C 250 { Vegetated
Lining Longevity Permanent
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PROJECT NAME:

CHANNEL DESIGN WORKSHEET
Channel Design Data

Possum Point Power Station CCB Pond Closure

10 of 47

LOCATION: Prince William County, Virginia
PREPARED BY: SCHELAB DATE: 8/14/2015
CHECKED BY: PATTEJR DATE: 8/20/2615

2.00% 2.00%
CHANNEL OR CHANNEL SECTION Units Channel D-2 Channel D-2
Temperary or Permanent Permanent Permanent
Qr (REQUIRED CAPACITY} (] 103.00 44.00
Q (CALCULATED AT FLOW DEPTH d) CFS 103.00 44,00
PROTECTIVE LINING North Ag’;r;;%“ Green Vegetated
n (MANNING'S COEFFICIENT) 0.029 6.050
Va {ALLOWABLE VELOCITY) FPS 9.50 15.00
V (CALCULATED AT FLOW DEPTH d) FPS 6.20 3.29
1, {MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.00 10.00
14 (SHEAR STRESS @ FLOW DEPTH d) LBIFT? 1.35 1.14
CHANNEL BOTTOM WIDTH FT 10.00 10.00
CHANNEL SIDE SLGPES (X:1) H:v 5.00 5.00
D (TOTAL DEPTH) FT 1.58 1.42
CHANNEL TOP WIDTH @ D FT 25.79 24.16
d (CALCULATED FLOW DEPTH) FT 1.08 0.92
CHANNEL TOP WIDTH @ FLOW DEPTH d FT 20.79 19.16
ds; STONE SIZE IN NiA NiA
A ({CROSS SECTIONAL AREA) SQFT 16.61 13.36
R (HYDRAULIC RADIUS) 0.79 0.69
5 (BED SLOPE) FT/FT 0.020 0.020

Proposed Channel Dimensions & Linings

Base 10.0
Required Depth 1.58
Design Depth 2.0
Z=H:V 5.0
Top Width 30.0
Lining SC 250/ Vegetated
Lining Longevity Permanent

Z\E